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Letter  of  Transmittal. 

Dr.  Eugene  Haanel, 

Director  Mines  Branch, 
Department  of  Mines, 
Ottawa. 

Sir,— 

I  beg  to  submit,  herewith,  a  bulletin  on  the  products  and 
by-products  of  coal.     This  bulletin  was  written-in  coUabora- 

Mr.  B.  F.  Haanel,  Chief  of  Division  of  Fuels  and  Fuel  Testing. 

I  have  the  honour  to  be, 

Sir, 

Your  obedient  servant, 

n^^.         ^'         .  (Signed)  Edgar  Stansfield. 

Ottawa,  November  6,  1914. 
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PRODUCTS  AND  BY-PRODUCTS  OF  COAL. 


INTRODUCTORY. 

/"  number  of  reports  and  bulletins  bearing  on  certain  phases 
o    the  ufhzat-n,  of  fuels  have  alrea.ly  been  publi.he.l  Iv  the 
Mines    Branch    of   the    Departnient   of   .Mi„J.     The^e    repor  s 
have  treated  of  anthracite,  biiun,inous  coal.  li,,ni,..,  and   peat; 
have  dealt  w.th  the  mining  and  winning  of  the  raw  materials 
methods  of  punf^cat.on.  and  preparation  for  the  market;    an. 
n  addmon.  w.th  the  c.uestion  of  the  advantageous  use  of  different 
fuels  for  s  can,  ra.s.ng,  and  for  the  generation  of  gas  for  indu- .  ial 
purposes  by  means  of  the  gas  producer.     Moreover,  the  subject 
o    cokmg  coals  has  been  investigated,  as  also  has   the  recover^■ 
of  by-products  m  connexion  with  the  manufacture,  of  coke   and 
producer  gas.     But.  so  far.  no  report  published   In    the  Mines 
Branch  has  treated,  as  a  whole,  of  the  products  and'ln-products 
obtamed  from  the  economic  utilisation  of  fuels;   nor  of  the  inter- 
dependence of  the  various  industries  manufacturing  these  com- 
modities, or  using  them  as  raw  materials 

The  object  of  this  report  is  to  satisfy,  as  far  as  possible 
the  increasing  need  for  a  monograph  on  fuel  pro<lucts  an.i  bv- 
products      The  subject,  however,  i.  so  comprehensive,  that  it 'is 

"outHn!'~n '?"  ''•  l'"""'^  ''  '^  '-"etin-  -to  treat  it  other  than 
n  outline.  Biit  notw.tlistanding  this  limitation,  it  is  hope.l  that 
he  data  furnished  may  prove  to  be  a  practical  contribution  to  the 

progress  and  dexelopment  of  the  industries  concerned 

Darts  nTlr'  "T"'  "^  ''''  ""''''"'  '■^f^'^^'  '^  ^"^i^^-^  i"to  two 
parts.    (I)  the  production  of  coke.  gas.  ammonia,  and  t.r  from 

b  tuminous  coal;  and  (II)  the  properties  and  uses  of  these  pro- 
deal  t'.^  hi  ^,^-'""t'-"  ^'''^"  ^"^'^  ^''^"  l^'tuminous  coal  are 
dealt  with,  but  only  in  a  tentative  way,  since  bituminous  coal 
IS  of  o^■e^^•helmlngK•  greater  importance  than  am-  other  fuel 
as  a  medium  irom  which   to  obtain  the  commercial  products 
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particulari7xd  in  Part  I.  In  setting  forth  the  results  of  these 
investigations,  the  aim  has  been  to  give  prominence  to  the  com- 
mercial rather  than  to  the  scientific  aspect  of  the  subjects  treated, 
especially  as  regards  their  bearing  on  existing  conditions  in 
Canada. 

The  present  time  is  particularly  opportune  for  discussing 
the  question  of  establishing  new  lines  of  trade  and  commerce; 
for,  on  account  of  the  deplorable  war  conditions  in  Europe,  all 
industries  are  more  or  less  dislocated  as  regards  supply  and 
demand;  and  manufacturers,  everywhere,  are  taking  stock  of 
current  conditions,  and  considering  future  possibilities.  The 
trade  possibility  that  would  naturally  occur  to  most  people 
interested  in  the  commercial  developrr.ent  of  Canada,  is  the  estab- 
lishment of  a  coal-tar  dye  industry;  since  here,  as  in  other  coun- 
tries, factories  using  dyes  are  being  seriously  inconvenienced, 
owing  to  the  fact  that  Germany — by  a  combination  of  scientific 
research,  technical  ability,  and  commercial  energy — has  for  yenrs 
had  practically  a  monopoly  in  the  manufacture  and  supply 
of  coal-tar  dyes;  and  consequently,  since  the  opening  of  the 
war,  importation  of  this  commodity  from  Europe  has  almost 
ceaseil.  A  reference  to  page  46,  however,  will  show  that  the  im- 
portation of  dyes  into  Canada  is  not  large,  and  that  the  prospect  of 
de-  -loping  a  flourishing  coal-tar  dye  industry  is  not  encouraging. 
But  offsetting  this  negative  view,  is  a  demonstration  of  the  en- 
couraging fact  that  there  are  other  important  by-products 
from  coal  which,  although  not  figuring  so  prominently  in  the 
pul)lic  eye,  are  nevertheless  of  much  greater  importance  com- 
mtrcially.  It  is  shown  that  a  number  of  these  are  peculiarly 
suitable  for  (jroduction  in  Canada;  .tud  the  Dominion  could 
thus  be  rendered  less  dependent  on  foreign  sources  of  supplv. 


:^^-- 


mm 


i<'\fj^' 


•y^ 


PART  I. 

METHODS  OF  PRODUCING  COKE    GAS,  AMMONIA 
AND  TAR,  FROM  BITLMIN    .S  COAL. 

The  employment  of  coal  for  commtrcial  purposes  mav  be 
roughly  classified  under  three  main  divisions  as  follows-(l) 
the  combustible  matter  in  the  coal  is  completely  burned  with" 
an  excess  of  air;  (2),  the  combustible  matter  in  the  coal  is  com- 
P  etely  gasified  by  partial  combustion  with  a  limited  amount 
of  air,  or  of  air  and  steam;  and  (3),  the  volatile  matter  of  the  coal 
IS  vapourized  by  the  application  of  external  heat,  in  the  absence 
of  air. 

Coal  Burned  under  Boilers  and  in  Furnace's. 

In  Class  1,  the  coal  is   burned  under  steam  boilers  and  in 
furnaces,  etc.     The  coal  is  fed  in  and  burned,  heat  is  generated 
and  ashes  are  left.     In   this  class,   heat  is  the  main   prcnluct' 
the  only   by-products  being  the   valueless  ashes  and   furnace 
gases. 

Coal  Gasified  in  Gas  Producers. 

In  Class  2,  the  coal  is  gasified  in  the  producer  bv  blowing 
air  and  steam  through  it;  but,  by  limiting  the  quantity  of  air 
supp  led  and  hax-ing  a  deep  layer  of  fuel,  the  coal  is  not  com- 
pletely oxidized,  hence  the  gas  produced  is  combustible  In 
this  class  the  combustible  gas  is  the  main  product,  although 
ashes  and  heat  are  necessarily  produced.  The  heat,  which  is 
generally  kept  as  low  as  practicable  by  means  of  the  steam 
can  be  partially  utilized,  but  is  often  a  total  loss.  The  gas  is 
sometimes  burned  simply  as  a  source  of  heat,  while  in  other 
cases  It  IS  utilized  as  a  source  of  power  in  internal  combustion 
engines.  As  the  ga.  leaves  the  producer  it  almost  invariably 
contains  more  or  less  ammonia  and  coal  tar,    the  quantities 
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varying  witli  tlie  type  of  prrMhtcor,  with  the  ainount  of  steam 
employed,  and  witli  ihe  character  of  the  coal  gasified.  By 
means  of  a  Miital)le  purif\inj;  plant,  the  ammonia  and  tar  may 
be  recovered  from  the  gas  l.efore  it  is  used.  These  resiiiiials 
are,  therefore,  by-producti  from  the  atili/ation  of  coal  in  gas 
producers. 


The  Carbonization  of  Coal  in  Gas  Retorts. 

In  Class  .?.  the  coal  is  carbonized  in  gas  retorts  for  the  pro- 
duction of  coal  Ras,  and  in  coke  ovens  for  the  production  of 
coke.  In  both  cases  the  coal  is  heated,  Ras  and  other  volatile 
products  pass  off,  and  coke  remains  in  the  retort  or  oven;  but 
in  the  coal  gas  i)lant  the  ^as  is  the  main  product,  the  coke  being 
only  a  In-pnxluct;  whereas  in  the  coke-oven  plant  the  conditions 
are  reversed,  the  gas  being  the  by-product.  In  both  cases, 
however,  the  gas,  as  it  leaves  the  coal,  contains  ammonia  and  coal 
tar  vapours,  and  these  are  recoverable  by-products. 

The  recovery  of  tar  and  ammonia  from  producer  gas  has 
been  described,  and  the  value  of  the  latter  as  a  fertilizer  discussed 
in  a  recent  report  of  the  Mines  Branch  (Report  No.  299,  "Peat, 
Lignite,  and  Coal;  their  Value  as  Fuels  for  the  Production  of 
i'Mwer  when  utilized  in  By-Product  Recovery  Producers"). 
The  t.ir  obtained  from  gas  producers  need  not  be  further  consider- 
ed her  •,  as  it  is  comparatively  insignificant  in  amount.  This 
latter  c  idition  is  due  partb.-  to  the  relatively  small  number 
of  gas-producer  plants  yet  established,  and  partly  to  the  fact 
that,  with  producers  making  gas  for  heating  purposes,  the  tar 
is  generally  burned  with  the  gas,  while  with  few  exceptions, 
power-gas  producers  are  designed  and  operated  to  produce  a 
minimum,  of  tar. 

The  b\  products  obtained  from  gas  works  and  from  coke- 
oven  plants  are  of  very  great  importance.  Before  discussing 
these  in  detail,  a  briei  description  of  the  plants  themselves  will 
be  given. 
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CITY  GAS  I'l-ANTS. 

In  Ras  works   the  ^oal   is  cok..i    in   larRc   f.rcclav   Rtorts 
These  retorts  are  set  ia  lurnaces  heated  with  ^as  from  a'  ,,ro,lurer 
ustHK  coke  as  fuel.     The  details  of  eo.    truction  an.l   nuth.xl. 
of  operation   vary  K'natly.   although    the  general   principles  of 
the  process  remain  th,-  s.me.     The  retorts  are  sometimes  cir- 
cular  m   cross  section,   and   sometitnes   "I)"   shape<l.   or  oval 
Ihe  retorts  may  be  set  hori/ontallv,  verti.allv.  or  in  an  inclined 
positum  m  the  furnace.     A  Ix-d  of  retorts  having  i>een  prepared, 
and    the    furnace    heated    to    the   <lesire.l    temperature -which 
•s  commonly  ahout  UO()=C.-the  retorts  are  charged  with  coal 
thn.UKh  a  door  at  the  vn^\,  which  is  then  at  once  ciose.l       ,\, 
the  temperature  of  the  (oal  gradually  rises  to  that  of  the  insi.le 
of  the  retort,  the  volatile  constituents  are  driven  off,  and  leave 
the  retort  through  pipes  provide.!  for  the  purpose-coke  heine 
ult,  .lately  left  in  the  retort.     The  coke  is  then  removed.  ,nd  a 
tresh  charReof  coal  inserted.    In  some  nuxlern  plants  using  vertical 
retorts,  the  above  process  is  made   continuous,  th-  coal  being 
ted  m  at  the  top,  and  the  coke  removed  from  the  bottom.     The 
volatile  products,  consisting  of  gas  and  vapours,  are  led  under 
the  sur  ace  of  the  liquid  in  a  large  horizontal  pipe  knowr  as  the 
hydraulic   mam,   where   some  of  the  condensable  constituents 
are  condensed.     The  impure  gas  leaving   this   main   is   passed 
hrough  a  series  of  condensers,  scrubbers,  and  purifiers  and  th..s 
cleaned  ready  for  use  for  domestic  heating,  lighting,  etc.     Krom 
the   hydraulic   main,   condensers,   and    scrubbers   are  obtai-ed 
water  containing  ammonia,  known  as  ammoniacal  licjuor,  and  a 
thick,  black  !,nu,d  known  as  coal  tar.     The  ammoniacal  li(,uor 
IS   the   chief  source  of  ammonia,   the   greatest   part  of  which 
alter  conversion  into  ammonium  sulphate,  is  used  on  a  very 
arge  scale  as  a  fertilizer.     Coal  tar  is  the  principal  source  of 
the  innumerable  coal-tar  dyes,  etc.,  which  are  described  later 
As  outlined  above  it  is  manifest  that  gas  is  t  he  main  product 
from  the  coal;   while  coke,  ammonia,  and   coal  tar  are  obtained 
as  by-products.     Not  only  th.-  relative  quantitv,  but  the  com- 
position of  the  gas,  etc.,  produced,  are  profoundly  changed  by 
varying  the  coal  employed,    the  size  of  the  charge,    the  shape 


and  position  of  the  retorts,  the  temperature  and  duration  of  the 
coking,  or  the  gas  pressure  maintained  in  the  retort.  By 
increasing  the  quantity  of  gas  obtained,  its  quality  is  usually 
decreased;  as  are  also  the  quantity  and  quality  of  the  tar. 
Every  gas  manufacturer  has  to  decide  for  himself  the  best 
working  conditions  for  his  plant;  bearing  in  mind  the  economic 
factors  of  his  particular  district. 

The  coal  gas  supply  for  city  use  is,  to-day,  largely  supple- 
mented by  what  is  known  as  carburetted  water  gas.  In  the 
manufacture  of  water  gas,  coke  or  anthracite  is  burned  in  a  suit- 
able generator,  by  air  being  blown  through  it,  and  is  thus  heated 
to  a  temperature  of  at  least  1100°C.  At  this  point  the  air  blast 
is  cut  off,  and  steam  passed  through  the  incandescent  mass, 
whereby  the  combustible  gases,  carbon  monoxide  and  hydrogen, 
are  produced.  The  reaction  between  the  steam  and  the  hot 
carbon  lowers  the  temoerature  in  the  generator;  when, 
however,  the  temperature  falls  too  low  (as  is  shown  by  the 
high  percentage  of  carbon  dioxide  in  the  issuing  gases), 
the  steam  is  cut  off,  and  the  generator  again  re-heated  by  means 
of  the  air  blast.  The  water  gas,  obtained  during  the  period 
when  the  steam  is  passed  through  the  coke,  is  not  rich  enough 
to  replace  coal  gas  for  ordinary  use;  it  can  be  used,  howevir, 
alone,  or  mixed  with  coal  gas,  after  it  has  been  enriched  or 
carburet*:ed  by  means  of  oil  gas.  This  oil  gas  can  be  made 
from  mineral  oils,  or  from  some  of  the  higher  boiling  oils 
obtained  by  the  distillation  of  coal  tar.  In  either  case  the 
gas  and  oil  are  heated  to  a  high  temperature,  whereby  the  oil 
is  largely  converted  into  permanent  gases  of  high  heating  and 
illuminating  value. 

It  can  be  seen  that,  by  the  use  of  carburetted  water  gas, 
some  of  the  coke  and  the  coal  tar,  obtained  as  by-prcxiucts  in 
the  coal-gas  plant,  can  be  converted  into  gas,  and  the  quantity 
of  by-products  left  for  disposal,  thus  reduced.  Any  coke  in 
excess  of  the  amount  required  for  heating  the  retort  furnaces. 
or  for  operating  the  water-gas  plant,  is  sold  as  fuel. 
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COKE-OVEN  PLANTS. 

The  coking  of  coal  for  the  manufacture  of  coke  is  carried 
out  ,n  what  are  known  as  coke  ovens.  There  ire  two  tvpes 
retort'ovens™'""'°"    "'^'  ''"°''"  '"'-"^Pectively  as    beehive    and 

As  already  stated,  coal  during  coking  loses  gas  and  volatile 
matter.  In  some  cases  these  are  immediately  burned  in  or 
adjacent  to  the  ovens,  and  produce  the  heat  rer,uired:  in  other 
cases  the  volatile  matter  is  collecte.l,  its  more  valuable  constit- 
uents saved  and  only  the  residual  gases  burned.  Coke  ovens, 
theretore.  whether  beehive  or  retort,  can  be  classified  as  non- 
recovery  ovens  and  by-pro<iuct  recoverv  ovens 

thrJ^7l  ''T  "^"'''"'  '"'"  '"-'  ^""^i''"-*i  as  illustrating 
three  of  the  above  classes.  The  fourth  class-the  b^-pro,luct 
beeime  oven-.s  not  very  important,  and  is  not  e.nploved  in 


Non-recovery  Beehive  Oven. 

This  is  the  simi.lest  type  of  oven  in  common  use.     It  has  a 
circular  floor  and   domed  roof,  and  is  usuallv  built  of  brick  or 
Btone  hned    wuh   firebrick.     The  ovens  are  built  back  to  back 
m  long  rows,  wuh  ,he  object  of  eco,u,n,ixi„g  heat  and  space' 
In  openUHM,,  a  suitable  charge  of  coal  is  fe<l  into  the  oven  through 
a  hole  u,  the  root,    the  brickwork  of  the  oven  having  been  left 
hot  enough  by  the  preceding  charge  to  start  the  coking  of  the 
coal    and   ultunately  to    i,,nite  the  volatile  matter  .Iriven  olT 
A.r  IS  cautiously  admitted  through  loose  brickwork  in  liu.  ,l.>or 
...  front,  an.l  m  such  a  way   that   the  volatile  matter  ..scaping 
from  the  coal  .s  burne.l  in  the  oven  over  the  charge.,  an.l   the 
ccjal  and  the  coke  preserved,  .s  far  as  possible,  fro,n  oxidation. 
The  heat  generated  by  the  combustion  of  the  volatile  matter  is 
radiated  .lown  front  the  roof,  and  completes  the  coking  commenc- 
ed by  the  heat  from  the  brickwork,  and  the  whole  oven  is  raised 
to  a  red  heat.     When   the  coking  is  completed -usuallv  after 
about  /2  hours-the  coke  is  drawn  ot.t  and  c,uenched  with'water 
and   a   fresh  charge  of  coal   is  introduce   into   the   <nen      In 
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most  l)echive-oven  plants  the  coke  is  drawn  out  by  manual  labour, 
as  the  shape  of  the  oven  is  not  suitable  for  the  utilization  of 
meclianical  extractors.  Occasionally,  the  hot  waste  gases 
leaving  the  oven  are  carried  under  '..oilers,  and  used  to  generate 
steam,  but  otherwise,  coke  is  the  one  and  only  product  of  this 
type  of  oven. 

Some  beehive  ovens  have  been  so  constructed  as  to  allow 
of  the  recovery  of  by-products;  but  in  these,  the  simplicity  of 
the  ordinary  beehive  oven  is  lost,  without  gaining  the  advantages 
obtained  from  the  retort  oven. 

Non-recovery  Retort  Ovens. 

In  non-recovery  retort  ovens,  the  coal  is  coked  in  long, 
narrow  retorts  built  of  firebrick.  The  retorts  may  be  arranged 
either  horizontally  or  vertically,  in  batteries.  They  are  made 
slightly  wider  at  one  end  than  the  other,  to  allow  of  the  ready 
discharge  of  the  coke  from  the  oven  by  means  of  a  ram  or  by 
gravity.  Coal  is  charged  into  a  hot  oven,  as  in  the  case  of  the 
beehive  oven,  but  in  marked  contradistinction  to  the  latter, 
no  air  is  admitted  into  the  oven  itself.  The  volatile  products 
from  the  coal  leave  the  oven  through  special  ports,  are  then 
mixed  with  air,  and  burned  in  flues  surrounding  the  oven. 
The  heat  of  their  combustion  is  conducted  back  into  the  oven 
through  the  walls,  and  the  coking  of  the  coal  is  thus  completed. 
The  hot  gases  from  the  flues  are  often  used  to  generate  steam, 
but  otherwise  coke  is  again  the  one  and  only  product  of  this  type 
of  oven. 


By-product  Retort  Ovens. 

The  construction  and  operation  of  these  ovens  is  in  many 
ways  similar  to  that  of  the  non-recovery  retort  ovens,  indeed 
so  much  so  that  .some  retort  ovens  can  be  operated  either  with 
or  without  by-product  recovery.  The  difference  consists  in 
the  fact  that,  with  the  recovery  ovens,  the  gases  and  other 
volatile  products  from  the  coal  are  led  away  through  pipes 
to  a  hydraulic  main,  and  thence  to  a  recovery  plant  where  they 


are  passcxi  through  condensers,  scrubbers,  etc.;   and  in  this  wav 
ammonjacal  hquor  and  coal  tar  are  obtained-as  i    a  a  Zas 

a  d  burnTfn  fl    '''  P""«-!.^^'-  ^'-"  P'P«i  back  to  the  ble'^^ 
and  burned  in  flues  .surrounchng  the  retorts   to   ke^p  the  ovens 
at  the  temperature  requisite  for  good  coking.     In  this  tvpe  " 
ovc.   regenerators  are  comn^only  used  to  preh'e at  the  a         d  ga 
before  they  are  burned  in  tiie  flues.     The  resulting  economy  is 
such  that    unless  the  coal  is  low  in  volatile  n.atter    o,  K    L 

In  thV  ^'y-Pfo^luct-can    be    used    for    other    purposes 

In  th,s  connexion  ,t  might  be  pointed  out  that  the  superior 
econom,^  .n  the  working  of  a  by-product  recovery  coke^  "n 
plant,  „.  compared  with  a  coal-gas  plant,  together  with  the  su" 
per  or  quahty  of  the  coke  produced,  make  the  former  a  rival 
to  the  coa-gas  plant,  even  as  a  means  of  supplvinTcity  gis 
but  the  substitution  is  possible  onlv  where  the^eis  a  la  ee  de' 
mand  for  coke  of  high  quality.  ^ 

Types  of  Coke  Ovens  Compared. 

Until  recent  years  there  has  been  a  decided  prejudice  aeainst 
retort  oven  coke;  the  product  of  beehive  ovens  hlf  ,een'more 
an  demand  especially  for  use  in  blast  furnaces.     This  preference 

retorrover  ''''''''T'  ^^^P-""^"  As  a  matter  oT'.,' 
retort  ovens  can  make  as  good  coke  as  beehive  ovens  an  ^  .J 
make  more  of  it  from  ordinary  coking  coals  The  have 
moreover,  a  wider  rang,  of  adaptabilitv  a's  thev  can  prod  ce  a 
commercial  coke  from  certain  classes  of  coai  which  '« 
be  coked  in  a  beehive  oven.     Hence  the  retort  oven  i    gr.duallv 

wherfttv7r"l '■  T  ?  ""t'  ^f^  ""'---"  the  neighbourhood 
Where  thcv  are  located,  they  burn  or  waste  all  the  gases  and 

ex        Tt"S  rT  ^^"?  '':  ^"^''  '^"^  '''^-  ^-'e  no^^irn 
about  10  7:^  produced.     Moreover,  thev  also  burn 

about    0  per  cent  of  the  coke  itself.     In  other  wo;ds    if   with 

oven,  probably  only  65  per  cent  would  be  obtained  in  a  beehive 
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oven.  In  the  former  case  134  tons  of  coal  would  be  required 
to  produce  100  tons  of  coke;  whereas,  in  the  latter  case,  154 
tons  would  be  required.  That  is  to  say,  for  every  100  tons 
of  coke  produced  in  a  beehive  oven,  20  tons  of  coal,  approxi- 
mately, are  needlessly  wasted  through  the  burning  of  the  coke. 
From  the  ethical  point  of  view,  therefore,  there  can  be  no  hesi- 
tation in  condemning  the  beehive  oven;  while  from  the  practical 
point  of  view  it  should  be  remembered  that,  in  addition  to  the 
smaller  yield,  the  greater  waste  of  carbon  in  the  beehive  oven 
results  in  a  higher  percentage  of  ash  in  the  coke  produced. 
The  beehive  oven  has  the  further  disadvantage  that  the  coking 
period  is  at  least  one  and  one-half  times  as  long  as  in  a  retort 
oven,  so  that,  if  the  charges  are  the  same,  it  takes  three  beehive 
ovens  to  do  the  work  of  two  retort  ovens.  The  cost  of  working 
a  beehive  oven  is  also  high,  as  the  method  of  drawing  the  coke 
by  manual  labour  is  slow  and  expensive.  The  beehive  oven  is, 
however,  very  low  in  first  cost,  anfl  being  simple  in  construction, 
is  also  easy  to  keep  in  repair.  These  facts,  together  with 
the  widespread  prejudice  in  its  favour,  and  the  great  number 
of  managers  and  men  familiar  with  its  use — but  unfamiliar 
with  retort-oven  pracJce — ..xplain  the  reluctance  of  so  many 
coke  manufacturers  to  adopt  retort  ovens. 

It  is  probable  that  in  nearly  all  cases  the  non-recovery 
retort  oven  is,  in  the  long  run,  more  profitable  than  the  beehive 
oven,  and  that  it  would  certainly  prove  to  be  so  in  all  large 
plants.  The  capital  outlay  is  greater,  but  the  working  expenses 
are  less;  while  the  output  of  coke  is  at  least  10  per  cent  more 
for  the  same  amount  of  coal  used. 

In  Canada,  at  the  present  time,  the  profits  to  be  gained 
by  the  recovery  of  by-products  are  more  loubtful.  On  account 
of  the  high  capital  cost  t)f  a  by-product  plant,  it  is  essential 
that  there  should  be  a  reasonai)ly  certainty  of  working  full 
time;  henre  it  is  usual  to  erect  large  central  plants,  where  they 
are  capable  of  drawing  supplies  fr.ni  several  collieries,  and 
where  a  good  market  for  the  products  is  of  easy  access.  Evidence 
given  before  a  Royal  Commission  on  Coal  Supplies  in  Elngland 
would  appear  to  show  that,  there,  the  value  of  the  l)y-products 
will  not  only  pay  for  the  working  of  such  a  coke  plant,  and 
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provide  a  profit,  but  will  also  pay  for  the  capital  outlay  within 
ten  years.  Various  uses  for  coal  tar  are  given  later;  hut  it 
seems  certain  that  by-product  recovery  coke-oven  plants  which 
produce  tar,  and  the  coal-tar  industry  which  uses  coal  tar  as 
a  raw  product,  must  grow  up  together. 

At  the  present  time,  there  are  only  two  by-product  recovery 
coke-oven  plants  operating  in  Canada;  yet  in  1913  these  two 
plants  were  responsible  for  two-rhirds  of  the  total  coke  produc- 
tion of  the  Dominion.  As  coke  is  imported,  their  production, 
however,  only  amounted  to  half  the  total  consumption  of  coke 
m  the  Dommion.  VVe  may  confidently  expect  that  the  tendency 
of  the  future  will  be  towards  the  recovery  of  coal  tar  and  ammonia 
at  all  coke  and  gas  plants. 


CARBONIZATION-  OF  PEAT,  LIGNITE,  ETC. 

Not  only  bituminous  cals.  but  wood,  peat,  lignite,  bitu- 
minous   shales,    and    other    carbonaceous    substances    are    also 
carl.on.zcxl  or  coked  or  a  commercial  scale,  and  in  such  a  manner 
as  to  yield  gas,  tar,  etc.     Bituminous  coals,  as  alreach-  stated 
yield  coke   gas,  ammoniacal  liquor,  and  tar-the  tar  consisting 
mainly    of    aromatic    hydrocarbons.      \Voo<l    yields    charcoal 
tar,  an  aqueous  distillate,  and  gas;   the  tar  in  this  case  contains 
chiefly    phenolic    .krivalives;     the   aqueous   distillaLe    contains 
acetic  acid,  and  is  acid  to  litmus;   while  the  gas  is  of  low  value, 
lar    rom  peat,  lignite,  or  bituminous  shales,  is  principally  com- 
posed of  aliphatic  hyc'-ocarbons;    the  aqueous  distillate  yielding 
ammonia.     The    coke    resi.lues    from    peat    and    ii^^nite    have 
as  yet,  found  little  commercial  use,  but  there  aro  ^reat  possi- 
bilities in  the  Canadian  West  for  a  practicable  nunlKKl  of  car- 
bonizing  lignite,  and   then   bricjuetting   the  carbonized   residue 
or  in  some  other  way  converting  it  into  a  fuel  suitable  lor  do- 
mestic and  general  [turposes. 

The  by-products  from  bituminous  coals,  however  ire  at 
present  of  siich  overwhelmingK-  greater  rummercial  importance 
than  the  others  mentioned  above,  that  only  the  former  are 
considered  m  this  bulletin. 
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PRODUCTION  OF  COKE,  GAS,  AMMOIMIA,  AND  TAR, 
IN  CANADA. 

No  official  statistics  are  available  to  show  the  weight  of 
coal  coked  annually  in  Canadian  gas  works,  and  the  correspond- 
ing yield  of  gas,  coke,  etc.;  but  Mr.  A.  Hewitt,  General  Manager 
of  the  Consumers  Gas  Co.,  of  Toronto,  states  that  approximately 
five  mill'  m  gallons  of  tar  are  produced  annually. > 

Some  idea  of  the  relation  between  the  coal  coked  and  the 
products  obtained  at  modern  gas  works  can  be  obtained  from 
some  figures  published  in  the  Journal  of  Gas  Lighting.^  These 
show  that  the  average  "residuals"  obtained  during  1913  by  the 
three  London  (Eng.)  gas  companies,  per  long  ton  (2,240  lbs.) 
of  coal  coked  were:  coke  12-47  cwt.,  coke  breeze  5  20  bushels, 
tar  10  gallons,  ammonia  liquor  36-11  "gallons  of  8  ozs.", 
and  gas  12,420  cubic  feet.  The  ammoniacal  liquor  referred 
to  is  of  such  a  strength  that  8  ounces  of  pure  sulphuric  acid  are 
required  to  neutralize  the  "volatile"'  ammonia  in  one  gallon 
of  the  liquid.  This  corresponds  to  0-674  pounds  of  ammonium 
sulphate  per  gallon;  but  the  actual  yield  obtained  is  not  stated. 
Although  the  above  are  called  residuals,  it  is  obvious  that  the 
weigh  )f  coke  stated  is  the  gross  yield,  rather  than  the  net 
weight  left  after  heating  the  retorts.  The  three  companies 
in  question  used  approximately  20-3  percent,  21-1  per  cent, 
and  12-3  per  cent,  respectively  (mean  18  per  cent)  of  the  coke 
produced,  to  heat  the  retorts.  Subtracting  18  per  cent  from 
the  above  coke  yield,  and  assuming  that  a  bushel  of  coke  breeze 
weighs  50  pounds,  then  the  net  yields  per  100  pounds  cf  coal 
coked  are  approximately:  coke  60  pounds,  tar  0-45  gallons, 
gas  550  cubic  feet,  ammonium  sulphate  one  pound. 

Data  collected  by  the  Division  of  Mineral  Resources  and 
Statistics  of  the  Mines  Branch,  show  that,  in  1913,  2,147,913 
short  tons  (2,000  pounds)  of  coal  were  carbonized  in  Canadian 
coke  ovens,  and  1,517,133  tons  of  coke  produced  therefrom. 
Of  the  above,  1,456,361  tons  of  coal  were  coked  in  by-product 


<  I'nTf""  ""^''hera  of  the  Gas  Journal  of  Canada  arc  now  collecting  Ka, 
.  Jr  V,""''  "°P^  '■°  "'^'"=  '''^  fi"'  publication  of  them  by  January  1.  WIS. 
•  February  24,  1914,  iiage  492. 
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recovery  coke  ovens,  with  the  production  of  1,018,632  tons 
of  coke;  8,371,600  gallons  of  ta. ;  10,663  tons  of  ammonium 
sulphate;  and  3,353,831,100  cubic  feet  of  surplus  ku'.  The 
correspondmg  yields  per  100  ()oundsof  coal  c-e:  coke  70  pounds 
tar  0-29  gallons,  gas  115  cubic  feet,  ammonium  sulphate  0-73 
pounds.  These  figures  are  not  comparable  with  those  from  the 
London  gas  companies,  as  no  analyses  of  the  coal  coked  are 
given  m  either  case. 

Xo  statistics  of  the  production  of  producer  gas  in  Canada 
are  available. 

Coke,  gas,  ammonia,  and  coal  tar  are-as  alrcadv  shown— 
the  mam  products  or  by-products  obtained  from  the  distillation 
of  coal  in  gas   retorts,   or  in    coke   ovens.       These,    and   their 
derivatives,  will  now  be  considered    separately,  and  in  greater 
detail.     Benzene,  one  of  the  most  valuable  by-products  of  coal 
will  be  considered  under  the  heading  of  coal  tar,  but  a  much 
richer  source  of  this  product  is  the  "crude  benzol"  directly  re- 
covered from  coke-oven  and  coal  gas  by  washing  with  heax'v  oil 
or  by  other  means.      Formerly,  when  the  standard  of  coal"  gas 
was  Its     candle  power,"  it   was   not  possible  to   remove  the 
benzol  from  this  gas,  but  now.  where,  as  in  Canada,  calorific 
value    has   been  introduced   as  the  standard,  the  gas  may   be 
scrubbed  and  the  gas  works  should  be  able  to  supplv  a  lart^elv 
increased  quantity  of  benzene.'  ^    ' 
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PART  II. 

PROPERTIES  AND  USES  OF  COAL  PRODUCTS 
AND  BY-PRODUCTS. 

COKE. 

Coke  is  the  name  given  to  the  solid  residue  left  b     the  de- 
structwe  d.st. nation  of  coal,   or  of  some  other   carbonaceo  s 
substances.     It  consists  mainly  of  carbon,  together  with  °he  orLi 
nal  ash  of  the  coal,  but  always  contains  smalfamounts  o   voS 
mat  er  which  the  temperature  attained  in  the  coking  proce  s 
has  faded  to  dnve  out  during  the  time  the  heat  was  maint  ined 
When  coal  ,s  strongly  heated  in  absence  of  air,  it  is  decom- 
posed, and  loses  water,  gases,  and  volatile  compo  md       mZ 
coals  so    heated    first  fuse  or  soften,  and  then  harden    as  de^ 
compos.t,on  progresses,  ultimately  leaving  a  strong  coke.     This 
coke,  although  quue  hard,  is  light  and  cellular,  owing  to  the  bub 
bles  produced   by  the  escaping  gases  while  the  mass  is  s^t 
Neither  anthracite   nor   lignite  coalesces   when   heated     hence 
neither  is  capable  of  making  commercial  coke.     The  fragments 
eft  after  the  heating  might  strictly  be  described  as  coll^    l^ 
they  are  approximately  the  same  size  and  shape  as  the  ori'gina 
pieces  of  coal,  and  bear  little  or  no  resemblance  to  the  hard     frou 
substance    commercially    known    as    coke.     Some    bitu,- inous 

::t  trr  ^:f --•- '-^-° -- - --^^ -= 

to  v^oo,)''    f""'  "''  ''"''  '■''"''""   •"  ^'"^^   '^'''  •^'^^'■'-"^-'I  ^'oes 

go  to     he  trouble  and  expense  of  coking  the  coal  before  use. 
ilic  chief  advantages  of  coke  as  a  fuel  are  — 

when '1  ''  •'  "'"T  ^'."^  ^''''^'  ^"^'  '^"^■^  "°^  ^'^"'^^^  or  soften 
^vhen_  ,„,rn,ng;    thus   it   can   support  a   heavy    charge    of  ore 
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(2)  It  burns  without  producing  tar  or  smoke. 

(3)  It  has  a  high  calorific  intensity;  that  is  to  say,  a  higher 
temperature  can  be  obtained  by  burning  coke  than  by  burning 
coal,  although  a  given  weight  of  coal  will  naturally  evolve  a 
larger  quantity  of  heat  than  will  the  coke  produced  from  it. 

Coke  is  the  main  product  of  coke-oven  plants,  and  is  a 
by-product  of  gas  plants.  A  coke  manufacturer  selects  coal 
that  is  caf>ablc  of  giving  good  coke,  and  treats  it  in  such  a  way — 
with  regard  to  the  mass  coked,  temperature  of  oven,  and  dura- 
tion of  coking — as  will  produce  a  good  quality  of  coke.  The 
gas  manufacturer  naturally  regards  tne  quantity  and  quality 
of  gas  produced  as  his  chief  consideration,  the  quality  of  coke 
being  only  of  secondary  importance-  his  choices  of  coal,  etc., 
are,  therefore,  all  made  from  the  view  point  of  gas  production. 
Consequently  gas  or  retort  coke  is  practically  always  inferior 
to  oven  coke,  as  regards  hardness,  strength,  lustre,  etc.;  but 
the  former  has  advantages  over  oven  coke  for  certain  purposes, 
since  it  contains  more  volatile  matter,  and  consequently  burns 
more  rt-adily. 

Table  I  gives  analyses  of  a  coal,  and  of  a  coke  produced 
from  it.  The  coal  sample  came  from  the  Foord  seam,  Allan 
Shaft  Colliery,  Pictou  County,  N.S.  and  the  coke  was  made 
in  an  Otto  HofTman,  by-product  recovery,  retort  oven  at  Sydney, 
N.S.  This  coke  was  a  high  grade  metallurgical  coke,  and  one 
of  the  best  produced  in  the  long  scries  of  coking  tests  carried 
out  in  connexion  with  the  "Investigation  of  the  Coals  of  Can- 
ada," Mines  Branch  Report  No.  83,  Vol.  I. 
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TABLE  I. 

Analysis  of  Coal,  and  Coke  Produced  thi  refrom. 


Proximate  analysis  of  dry  mil  or  c<,ke 

Fixed  carbon 

Volatile  matter  . . 

Ash 

Lltimate  analysis  of  dry  coal  or  coke 

Carbon 

Hydr.,-n 

Sulphur 

Nitrogen 

Oxygen 

Ash .'.'........... 

Duration  of  coking I  ioiir's' 

Yield  of  dry  coke  from  firy  coal '  •  | 

Apparent  specific  gravity '  j 

Keal  specific  gra vit  y j 

PejTentageceM^sp  ue  or  porosity ,  .  .  ! .! 


Coal. 

Coke. 

f 

■  ■  ■  ■  .  i 

f 

c 

57-1 

33-7 

92 

77-8 
SO 
0-6 
2-2 

5-2 

87.3 
0  6 

r  ■ 

(  ■ 

121 

f  ■ 

(  ' 

(  • 

48 

no 

0  02 
1-86 
50-7 


Uses  of  Coke. 

The  most  important  uses  of  coke  are  in  metallurKical 
operations,  sue!,  as  the  smelting  of  iron  in  blast  furnaces;  the 
remeltmg  of  iron  in  the  iron  foundr>-;  and  the  smcltinR  of 
copper,  lead,  nickel,  silver,  etc.  Oven  coke  is  ahvavs  used  for 
these  purposes,  as  a  strong,  hard  coke  is  required. '  For  blast 
lurnaces,  great  n.mpressi%e  strength  is  essential;  but  for  copper 
smelters,  porosity  is  important.  During  1913,  1,417,148  tons 
of  coke  were  used  in  the  blast  furnaces  of  Canada;  this  amounted 
to  about  6:)  per  cent  of  the  total  consumption  of  metallurgical 
coke  in  the  Dominion. 

Gas  coke  is  chiefly  used  for  steam  raisi.-,  domestic  heating 
etc.  It  has  the  great  advantage  over  soft  coal  that  it  can  be 
burned  in  an  or<i.nar>'  grate  without  producing  smoke  and  soof 
tnis  is  a  matter  of  great  importance  for  the  cleanliness  of  our 
cities  even  now.  and  will  become  more  so  as  the  cities  increase 


18 

in  sizp.  Where  hard  coal  i^  burned,  nothing  is  gained  as  regards 
smoko  ivduction  l)y  a  chaiiKC  to  coke;  there  is.  however,  a  great 
deal  to  Ijc  said  in  favour  of  coking  all  bituminous  coal  that  will 
form  a  commercial  coke,  thus  obtaining  the  two  clean  fuels 
coke  and  gas,  and  recovering  the  valuable  by-products  tar 
and  ammonia. 

Gas  coke  can  prove  satisfactory  for  steam  raising  only  where 
it  is  burned  under  suitable  conditions.     It  has  a  comparatively 
high  temperature  of  ignition— although  not  so  high  as  that  of 
oven    coke -and    requires   a    go<x!    draught.     It   gives   a    more 
localizefl  heat  than  coal,  on  account  of  the  absence  of  flame, 
and  when  Ijurning  freely  gives  a  more  intense  heat;  it  is  therefore 
liable  to  cause  troubles  such  as  the  burning  of  the  firebars  and 
the   formation   of   clinker.     The   latter   trouble   is   accentuated 
by  the  fact  that  coke  naturally  contains  a  higher  percentage 
of  ash  than  the  coal  f    in  which  it  is  made.     The  difficulties 
attending  its  use  are,  however,  not  unsurmountable,  as  is  shown 
by  its  successful  use  in  many  plants.     A  suitable  furnace  should 
be  employed,  and  the  method  of  stoking  adapted  to  the  fuel. 
Crusiiing  the  coke  to  a  small   uniform  size  is  generally   advan- 
tageous.    Troubles  due  to   ash   and   clinker  would  be  reduced 
if  the  coal  for  use  in  gas  plants  were  first  wa-hed,  as  is  freciucntly 
done  with  coal  for  coke-oven  [ilants.     Washing  the  nxil  would 
also  reduce  the  sulphur  in  the  resulting  coke. 

Coke  is  also  u.sed  in  gas  producers.  Many  of  the  small 
suction  gas  f)lants  are  designed  to  operate  either  on  anthracite 
or  on  coke. 

f'.as  coke  is  a  good  fuel  for  domestic  healing  when  burned 
in  a  suitable  furnace;  but  before  the  prejudice  ai;ainst  it  can  ije 
removetl  it  will  have  to  be  realized  that  a  jiroper  design  of  furnace 
must  lie  employed. 

In  lui-land,  houses  are  generally  heated  willi  open  grate 
tires,  in  which  soft  coal  is  burned,  and  although  the  open  lire 
has  many  advantages  in  a  tcmi>eratc  climate  over  other  methods 
of  heating,  such  use  of  soft  coal  is  wasteful  of  fuel  and  !)Iays  a 
large  pan  in  the  pollution  of  the  atmosphere.  These  conditions 
have  recently  led  to  the  introduction  of  a  low  temperature  coke; 
the  coal  is  coked   in  g.is  rcf-rls  maintained  at  a  much  lower 
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temperature   than   is   usually   employwl.   whereby   only   about 
two  thirds  of  the  volatile  matter  «-.  rr    oved.     This  type  of 
coke,  of  which  "Coalite"  is  the  best  known  examF)le,  ignites 
at  a  much  lower  temperature  than  ordinary  coke  and  burns 
more   readily,   thus   giving  a   bright,   cheerful,   smokeless   fire" 
The  commercial  devel(>|)ment  of  such  smokeless  fuel  in  England 
has  been  slow,  both  on  account  of  prejudice  and  of  the  ditticulty 
of    making    a    wholly    satisfactory    and    uniform    pro<luct.     In 
Canada  the  need  for  such  a  fuel  is  far  less,  but  even  here  con- 
ditions might  easily  arise  where  low  temperature  carl)onization 
would    prove   advantageous.     Low    temperature   carbonization 
produces  a  greater  yield  of  solid  fuel  in  proportion  to  the  gas 
than   is  yielded   in  ordinary  practice;    it  sliouJd   therefore    be 
ad\  antageous  in  a  jilace  where,  possibh-  on  account  of  the  scarcity 
hard  coal  or  the  comr)etition  of  natural  gas,  there  is  a  com- 
paratively larger  market  for  a  solid,  furnace  fuel  than  for  city 
gas.     Not   only   the   proportionate   yield,    but   also   the   actual 
yield  of  coke  is  increased  by  low  temperate  coking;    the  yields 
of  gas  and  tar  are  correspondingly  lower.     The  gas  produced  is, 
howe\xr,  richer,  and  the  tar  more  valuable  tiian  those  obtained 
by  the  usual  metliods. 

Recovery  coke  oven  practice  also  yields  a  proportionately 
larger  supply  of  solid  as  comi)ared  with  t;aseous  fuel  than  is  the 
case  Willi  ordinary-  gas  works  i)ractice;  because  at  tiie  coke  ovens, 
gas  is  used  to  supply  the  heat  for  c(,'kiiig,  whil  ^t  at  the  gas  works 
coke  is  used  for  this  purpose.  It  has  alreadv  been  pointed 
out  that  modern  by-i)roduct  recovery  coke  plants  have  recently 
been  installed  in  certain  places  as  a  means  of  supplying  city 
gas;  but  such  installations  are  only  possible  where  there  is  a 
good  demand  for  metallurgical  coke.  A  studv  of  the  statistics 
of  coke  suggests  that,  in  some  Canadian  cities,  a  coke-oven 
plant  might  possibly  prove  more  [)rof^tablc  than  a  gas  plant. 
During  1913  the  coke  imports  exceeded  the  exports  by  655,671 
tons,  an  amount  greater  than  the  coke  production  of  either 
of  the  two  by-product  coke-oven  plants,  during  that  year. 

In  1913,  1,517,133  short  tons  of  oven  coke  were  produced  in 
Canada;  and  1,530,499  tons  were  sold  or  used  by  the  producers. 


.::i*^- 


}S^l^^-m:K.M 


20 

Exports   amounted    to   6S  ?^^    fr.n=     ^^^    • 

tons.'  '    ^"^    ""ports    to    723,906 


(;as. 

that  city  ga.s  ,.s  frequently  a  mixture  of  ordinary  coal  Ras  with  a 
carburetted    water    gas,  oil  being  used  for  carburettinr  ome 
Canachan    cues,    however,    are   supplied    with   coal   gas'  a  oTe 
and  others  with  carburetted  water  gas  alone  ' 

Gases  vary  so  widely  in  composition  with   the  conditions 
under  wh.ch  they  are  made,  that  it  is  difficult  to  give  str  ctlv 
P.ca,  analyses:    Table  II.  however,  gives  an  indication  S  the 
Table  it'     "         ^". '°  "'''^'  "^^  '^'  ""''"'''^  --«»  -tv  gas' 

^n  t  e"7'  '?"'  "^''^"^^  "'  "^  ^'^>-  •'^-'  -  coke-oven  gas, 
three  t> pes  of  producer  gas.  and,  for  comparison,  a  natural  gas 
Ihc  calonf^c  values  are  in  British  Tnermal  Units  per  cubic 
oot  of  gas  measured  moist  at  60=F.,  under  a  pressure  of  30 
No  I3    ofT  M--     ^n'  '"^'^  ^'^^"  calculated' as  in  R^^t 

sat.ir-,te     Lh  I:  ^'  ^'''^  ^^^"'"Pt'on  is  made  that  the 

saturated   hydrocarbons  are  all  methane,  and  the  unsaturated 
h>drocarbons  ethylene.     This  assumption   probably  cau^  no 

K  '  and  .n  "  '''"'"  ^  ''"""^  ^--^^^  •"  '^'  '^'-^  -f  a  city 

gas,  and  an  even  greater  error  when  applied  to  an  oil  ,  ,s      De^ 

ermmafons  made  with  a  Boys  gas  calorimeter  show  d    that 

was  6363  ^.^■■^'""f  r.'"^  °f  ^'^  city  gas  given  in  the  tabS 
wasj^<6  li.  Ih.  v.,  and  of  the  natural  gas,  930  B.  Th.  U. 

Minc,j;[,';^'^J,rf.^„^:;'^^J,r  ^'sl"'""''"  ''"^"«'°"  o<  Canada  during  .9.3,  by  J.l.n  McUi,h. 
never  e:^', ","alo 'ctSd"ca' „°ot'be  analysed'"'  ""^  "'  '"  '"^  """nretting  proce«  the  oil  gaa 
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TABLE  H. 

Typical  Gas  Analyses. 


Hydrogen r 

Saturated  hyclrorarlxjiis ' 

Unsaturated  hydrocarhons ' 

Carbon  monoxide ' 

Carbon  dioxide c 

Ox\  gen ( 

Nitrogen r 

Inflaninial)le  gases < 

Calculatedcalorificvalue.gr  -sB.Th.r 
Cali-ulatcd  ralorifir  value,  tut    H   Th.l 


K.,r,ri 

cod 

Water 

'/as. 

gas. 

50 

50 

.U 

1 

i 

— 

s 

40 

2 

5 

2 

96 

5<)() 
5,iO 


4 

91 

MM 

270 


Oil 
gas. 


M> 
is. 
2S 


03 

8S0 
810 


Carbur- 
et teil 
water 
gas. 


,^0 

U 

') 

30 


89 

500 
150 


T 
4 


^^^^^-^..^^3^.^ 
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TABLE  III. 

Examples  of  Gas  Analyses. 


i 

i     City 
'     gas. 

-j 

1 


Coke- 
oven 
gas. 


Hydrogen c[ 

Saturated  hydro- 
carbons  ^y, 

L'nsatur.itcd    Iiy- 
drucarbons 

Carbon   mon- 
oxide  '  ,• 

Carbon    dio.xide. 

O.xygen 

Nitrogen  (by  dif- 
ference)   


39  5 

31 -S 

51 

U(, 
1-7 


Producer  gas.  i 

— ; j  iVnural 

Coal.      Lignite.       Peat.    I      .  is. 


.1 


Inllamniable 
fr>»cs '■■:     91.0 


Calorific  value 
by  calculation, 

gross  B.Th.C.  j       574 
by  calculation,     j 

net    B.Th.r.  ,!;i6 


I 


48-5 

32-8 

3-6 

.>-,S 
2-4 
0-3 

6-9 

90  4 

.Sf)0     ' 

I 

.■;no    ! 


12-5 

is 

0-2 

10-7 
101 

0-8 

62-4 
26-7 

111 

101 


<     190 

,     10-3     ! 

1-5 

'  '■'  \ 

01 

0.4     ! 

161 

20-2     j 

11-7 

9-9 

0-7 

0-3 

.SO -9 

56-5 

91-6 


36-7 
120 

lis 


33-3 

128 
120 


0-2 

8-2 

91-6 

916 

822 


No.   1.  Montreal  city  gas,  which  is  coal  gas  mixed  with  carburetted  water 

gas. 

I     r  Coke-oven  gas  fro.n  Xova  Scotia  coal   coke<l  in  Otto  Hoffman  oven. 

.V  .Nova  Scotia  coal  in  .\IcGill  gas  producer. 

4.  .Albert.i  lignite  in  Westinghouse  gas  producer. 

5.  Ontario  peat  in  Korling  g.is  producer. 

6.  A  natural  gas  from  Alberta. 

When  coal  is  distilled  at  low  temperatures,  the  primary 
products  of  decomposition  are  principally  water  vapour,  ovides 
of  carbon,  and  hydrocarbons.  As  the  temperature  increases, 
the    hydrocarbons    break    down    and    hydrogen    is    produced 
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more  volatile  m  ,ter  is  also  driven  ofT  from  the  coke,  and  the 
lighter  constitu,  :ts  of  the  tar  are  converted   into  gas      The 

S  1  •T.'%"'"\'"'''"^"^  '""*-'^^^^'  ^'"^  ^t  the  expense 
of  the  nch  hydrocarbons  m  the  gas  and  the  more  valuable 
consftuents  of  the  tar.  The  tendency  of  gas  works  managers 
.s  to  mcrease  the  yield  of  gas  by  increasing  the  temperature 
of  the  retorts;  but  from  the  standpoint  of  conservation  it  would 
be  better  to  d.st.l  the  coal  at  lower  temperatures,  and  then 
ddute  the  resultmg  gases  with  a  cheaper  product,  such  as  water 

The  production  of  city  gas  in  Canada  is  largely  reduced 
by  the  competaion  of  natural  gas.  There  are  at  present  some 
thirty  nine  companies  supplying  city  gas,  the  net  prices  charged 

TJroTlt  4o'"t"'  f  '1,'"""^'"^  '^"^^"^^^  ranging  from 
50.70   to   S2. 40.      Twenty-three   companies   are   employed    in 

the  distribution  of  natural  gas,  the  corresponding  prices  rangine 
rom  SO  15  to  $0.70.     The  production  of  natural  gas  in  c3a 
in  191.?  was,  approximately,  20,345  million  cubic  feet 

In  many  countries  gas  companies  are  compelled  to  supply 
gas  of  a  certam  minimum  quality.  In  the  davs  when  gas  was 
chiefly  burned  in  open  flat-flame  burners  for  illuminating  purposes 
a  gas  of  a  certain  candle  power  was  insisted  on;  with  the  intro- 
duction of  incandescent  mantles  for  gas  lighting,  the  heating 
power  of  the  gas  bec.-^      more  important,  and  a  dual  standard 

entirely  for  cooking,  c  heating,  lighting  with  incandescent 

mantles,  and  power  p.ociuction,  the  candle  power  of  the  gas 
when  burned  ,n  the  open  flame  is  of  no  imF.ortance,  and  the 
calorific  value,  or  heating  power  of  the  gas  is  of  vital  importance 
This  change  is  to  the  advantage  of  botL  producer  and  consumer, 
as  It  al  ows  the  gas  manufacturer  to  supply  a  satisfactory 
gas  at  a  lower  cost  than  was  possible  when  the  gas  had  to  be  rich 
in  illuminants. 

The  output  of  surplus  •-e-oven  gas  in  Canada  in  1913 
amounted  to  3,354  million  ..oic  feet.  This  gas  is  at  present 
used  ,n  the  steel  works,  to  which  the  coke-oven  plants  are  an 
adjunct,  for  heating  furnaces,  roasting  limestone,  etc  As 
already  stated  in  connexion  with  coke  production,  one  possible 
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development  in  this  country  is  a  by-product  recovery  coke- 
oven  plant  to  supply  oven  gas  for  city  use.  and  also  to  produce 
metallurgical  coke,  tar,  and  ammonia. 

No  figures  are  availa!)le  for  the  annual  output  of  producer 
gas  m  Cc  Kida.     As  can  be  seen  from  the  analyses  given  in  Table 
III,  producer  gas  is  a  low  grade  fuel,  but  it  is  correspondingly 
low  in  cost  of  production,  an^:  is  used  to  a  great  extent  for  heating 
steel  furnaces,  and  in  other  metallurgical  processes;  also  for  power 
production   in  mternal   combustion   engines.      In   many  works 
where  producer  gas  is  used  for  heating  large  furnaces,  the  gas 
IS  taken  hot  from  the  producers  and  led  to  the  furnaces  without 
cooling.     A  gas  containing  tar  is  actually  better  than  a  clean 
gas  in  such  cases,  as  the  tar  vapour  notably  increases  the  calorific 
value  of  the  gas;    producers  of  the  updraft  type  are,    therefore 
employed  at  such  works,  because  they  generate  from  bituminous 
coal,  a  gas  rich  in  tar,  and  are  moreover  sin.ple   in  co-.stru-- 
tion  and  operation.     Where  the  gas  has  to  be  cooled  and  led 
through  pipes,  and  where  it  is  to  be  used  for  internal  combu^'ion 
engine.,  a  tar-free  gas  must  be  obtained.     This  is  accomplished 
by  the  use  of  anthracite  or  coke  in  a  simple  producer,  or.  where 
a  fuel  richer  in  volatile  matter  is  employed,  by  means  of  specially 
designed  produces,  usually  of  the  down-draft,  or    the  double- 
zone  type,  an-'     ^  means  of  tar  extractcjrs. 


Uses  of  Gas. 

Gas  is  used  for  illumination,  in  which  case  it  is  usually 
burned  inside  incandescent  mantles;  for  iicating  and  conking- 
lor  power  generation  in  interaal  combustion  engines;  for  heating 
small  technical  appliances;  and  for  heating  all  kinds  of  large 
furnaces,  as  for  example  in  the  iron  and  steel  industries,  and  in 
the  manufacture  of  cement,  glass,  china,  etc. 

A  great  economy  was  effected  in  gas  illumination  when  the 
mcandescent  mantle  replaced  the  flat-flame  burner;  a  still  further 
economy  can  be  attained  by  the  u.se  of  high-pressure  gas.  High- 
pressure  gas  is  particularl\-  suited  to  street  and  factoiy  lighting; 
and  for  this  purpose  it  is  displacing  electricity  in  several  of  the 
largest  European  cities. 
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High  pressure  gas  is  also  used  for  generating  high  temper 
atures  ,n  furnaces.  The  greatest  advance  made  in  L  uTo 
gas  for  furnace  work,  howe^-er,  was  due  to  the  intro  iuction  o 
recuperators  and  regenerators.  In  these,  the  waste  "a  f^^ 
e  g.«es  leavmg  tl,e  furnace  is  used  to  pre-hoat  the  air.  or  th.  g^ 
and  air  en  enng  the  furnace,  thus  enabling  a  high  te  nne      S. 

Tea  "^t'h ;?""''•     ''■"^  ''''  ^''^'^^^'y  obtain.;    bv  g 
heatmg  w.th    he  regenerative  system,  together  with  the  greaSr 
ease  of  control  wuh  gaseous  than  with  .solid  fuel,  and  the  greate 

developments  may  be  expectcl  along  these  lines.        '°"''"'"'^'^ 


A.M.MO\I.\. 

coal  i!T°"''t''  °^''''r"'  -'^  ''  ">-P^™'"ct  in  the  distillation  of 
cc al  m  gas  works,  m  coke-cnen  plants,  and  in  pro.lucer-gas plants 

t^  c'T"  "■■  'r"".''  '"  ''''  P'^^^-'^"^-^^^  "f  -^-^-"  present  in 
CO,,,;  but  other  factors,  e.g.  the  ten.perature  and  shape  of  t  e 
r  torts,  ovens,  or  producers,  have  also  an  Influence  on  the  fract  1 
o  the  nitrogen  which  is  evolve<l  as  amn,onia.  Genrav 
nurogen  .s  present  in  coals  to  the  extent  c,f  one  or  two  per  cent' 
but  m  gas  works  .nly  about  14  per  cent  of  this  is  recov  rS  as 
ammon.a  m  the  gas;  this  la.t.r  percentage  mav  be  s  nllv 
.ncrea^c^by  adding  lime  U.  the  coal,  or  by  passing  steam  ZgJ 
K    retort    dunng    d.sfllafon.      Increasing    the     st^am    used 

tl^JnT'  ''"  """""'^  '''''  f^""'  «''  P-1—  The 
aniountmg  to  about  60  per  cent  of  the  nitrogen  of  the  coal 
obtamed  by  means  of  the  large  excess  of  steam  which  is  passed 
t  rough  the  fuel  bed;  the  steam  favours  the  increased  percentage 
of  ammoma  by  owering  the  temperature  of  the  producer  below 
the  pomt  at  which  amn.onia  decomposes,  and  al'o  bv  acting  al 
a  diluent  to  the  ga.ses  e%olved.  '  ^ 
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In  gas  and  coke-oven  plants  some  of  the  ammonia  is  washed 
out  from  the  gas  in  the  hydraulic  main,  purifiers,  etc.,  but  the 
bulk  of  it  is  recovered  from  washers  and  scrubbers  installed 
for  the  purpose.  As  small  a  volume  of  wash  liquor  as  possible 
is  used  in  these  washers,  to  prevent  undue  dilution  of  the  am- 
monia in  the  resulting  ammoniacal  liquor. 

Coal  gas  and  coke-oven  gas  contain  ammonia,  carbon 
dioxide,  sulphuretted  hydrogen,  cyanides,  etc.  As  these  gases 
combine  chemically  and  dissolve  in  water,  the  ammoniacal 
liquor  obtained  is  a  complicated  solution  containing  the  following 
ammonium  salts:  acid  and  neutrai  carbonates,  acid  and  neutral 
sulphides,  thiocarbonate,  cyanide,  thiocyanate,  ferrocyanide, 
sulphate,  thiosulphate,  sulphite,  chloride,  and  acetate.  Because 
solutions  of  the  carbonates,  sulphides,  cyanide,  and  acetate 
readily  give  up  their  ammonia  when  boiled  the  ammonia  in 
these  sa'ts  is  called  "volatile."  The  other  compounds  require 
the  addition  of  lime  to  liberate  the  ammonia,  which  in  these 
salts  is  said  to  hv  "fi.xed."  The  ratio  between  the  "volatile" 
and  "fixed"  ammonia  in  gas  liquors  varies  widelv,  but  that 
liquor  with  the  largest  proportion  of  "volatile",  is  naturally 
the  most  valuable.  In  pnxlucer-gas  plants  the  gas  is  washed 
in  towers  by  dilute  sulphuric  acid,  and  ammonium  sulphate 
is  directly  produced. 

The  ammoniacal  liquor  obtained  as  above  is  distilled  before 
and  after  the  addition  of  lime,  and  the  ammonia  liberated  is 
passed  into  sulphuric  acid  yic-lding  ammonium  sulphate,  or  into 
water  yielding  the  ammonia  solution  generally  known  as  am- 
monia, ammonium  hydroxide,  ammonia  water,  etc.  This 
treatment  of  the  gas  liquor  is  not  profitable  m  smaller  plants, 
and  from  such  places  the  liquor  h  generally  shipped  to  central 
plants  for  distillation. 

Uses  of  Anm.onia. 


A  strong  solution  containing  about  10  per  cent  ammonia, 
as  obtained  by  simple  distillation,  is  largely  used  for  the  manu- 
facture of  ammonia  soda,  and  for  cleaning  purposes;  while  the 
more  concentrated  solution  "liquor  ammonia; ',  and  anhydrous 
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liquid   ammonia,    are    used    in   refrigerating   machiner>'.     Am- 
monium nitrate  which  is  usually  made  from  ammonium  suiphaTe 
and    sodium    mtrate.  ■,  being  increasingly  used  in  explosives 
Ammonium  chioruie.    which  is  produced  directly  from  the  gas 

air'r'ol  ""  w"""'""" '"'P'^"^'^  ^''  f^-'-g'-"h  common 
salt,  or  obtained  from  waste  liquors  of  ammonia-so,!a  wo^ks 
IS  used  for  suldenng,  for  galvanizing  iron,  for  calico  printing 
and  for  Leclanchd  cells  and  dry  batteries.  A  process  bv  which 
ammonia  -  conv-erted  into  nitric  acid  has  recently  been  patented 
by  Ostwald.  and  will  probably  prove  to  be  a  ver^.  important 
application  of  ammonia.  Ammonium  sulphate  I  ZTosl 
.mpor  ant  salt  of  ammonia;  its  possible  useful  application  a 
a  .ertihzer  is  practically  unlimited.  As  yet  the  need  of  fertilizers 
has  not  been  felt  so  keenly  in  Canada  as  in  older  estab  led 
countries,  but  its  use  here  is  bound  to  e.xtend  rapidlv.    D   ring 

sulphate  to  drop,  partly  owing  to  the  competition  of  other  fer- 
tilizers now  produced  on  a  large  scale  by  the  fi.xation  of  atmos- 
pheric nitrogen  by  electrothermic  processes,  and  partlv  oZg 
to  the  progress  which  is  being  made  with  Haber's  svnZ"? 
process  for  ammonia  production.  The  war  has  caused'a  brisk 
demand  for  nitrates  in  the  manufacture  of  explosives,  and  the 
removal  o  these  nitrates  from  the  fertilizer  market.  shouKJ 
bring  about  an  increase  in  the  price  of  ammonium  sulphate. 

CVAXIDES. 

of  td"  '^"^'^  difl  lation  of  coal,  up  to  2  per  cent  of  the  nitrogen 

and  il  M  ""'"'r  '  ^1^  '""^^'"^'^  ^'°"e  ^''^^  the  ammonia, 
ferric  ox  de  '  tL  "  "■"  ^'''""'y^^'^^^'  -  ^-n.ed  with  the 
cva^dr  T-  J  Pot^i^^'um  cyanide,  ferrocyanide.  and  ferri- 
cy  anide,  which  are  worked  up  from  cyanogen  compounds  of  the 
gas  are  ver>'  important  by-products  of  the  gas  industry.  In  the 
twelve  months  ending  March,  1914.  Canada  imported  1.615.490 
pounds  of  potassium  a  id  sodium  cyanides,  and  166.901  pounds 

ferrcv  '^/^  -;?  ^'"''•"''^  °^  P^^^^'^  (potassium  ferro-  and 
ferncyanide).     The  simple  cyanides  have  a  wide  application 
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in  mining  operations;  the  yellow  prussiate  is  used  for  making 
potassium  cyanide,  for  dyeing,  and  for  case  hardening  steel ; 
and  the  red  prussiate  is  much  used  in  photography. 


COAL  TAR. 

The  composition  of  tars  varies  enormously  with  the  appa- 
ratus employed,  the  coal  used,  the  method  of  working,  etc. 
Lunge  quotes  the  two  following  sets  of  values  for  gas-works 
tar,  which  may  be  taken  as  typical.  These  tars  were  made 
from  the  same  coal  in  the  same  works;  but  in  the  one  case  the 
coal  was  coked  in  a  horizontal  retort,  and  in  the  other  in  a  ver- 
tical retort. 


Analysis  of  Gas-Works  Tar. 


Vertical.    Horizontal. 


Specific  gravity,  about 

Free  carbon 

Distillation  yields: — 

Water 

Light  oil 

Middle  oil 


11 

2-4% 

2-2% 
5-9% 


\  12-3% 

Heavy  oil (  12-0% 

Anthracene  oil i  16-0% 

Pitch j  49. 7c^ 


1-2 
20  0% 

3-1% 

7-7% 

10-2% 

11-6% 

62-0% 


Coke-oven  tar  usually  contains  less  free  carbon  than  ordi- 
nary tar  and  is  therefore  more  mobile.  Its  specific  gravity  is 
from  114  to  1-19,  and  when  distilled  it  yields  on  an  average 
the  following  products: — 


-i 


3 
J 
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Analysis  of  Coke-Chen   Tar. 

Water ,  -,w 

Light  oil l-4<^ 

Middle  Oil 3-5(-^ 

Heav>'oil n.oc? 

Anthracene  oil  . . .  oi  or^ 

■--^ ::::::::::::::::«:c^ 

Tar  from  gas  pirKiucers  difTers  from  the  above  in  that' it 
contams  considerable  quantities  of  water.  A  samj.Ie  of  ga.  pro- 
ducer tar  gave  the  following  distillates:—  ~ 

Analysis  of  Gas-Producer  Tar. 
Below  230°C...  c  ^.-^  u        , 

23o°c-3oo°c. . . ; ,      ■.;■.; ; ; . ;  ^^^  ^^  r'"'"^- 

From  300°  until  oil  solidified 14  ■  5'"'c       " 

Oils  solidifying  on  cooline.  .  .  10-4'^        " 

iv^»  i\ 30-5^^.  by  weight. 

Water  and  loss 32-6^-       " 

IVater-Gas  Tar. 

A  tar  commonly  found  in  gas  works  is  water-gas  tar.  This 
IS  not  actually  a  product  of  coal,  but  is  produced  by  the  crackin. 
o  the  0.1  used  for  carburetting  the  water  gas.  'it  s  h  n^e^ 
than  ordmarj-  tar,  is  usually  brown  in  colour,  and  contains 
much  water.  The  amo,  s  of  free  carbon  and  of  phends  Tn 
th>s  tar  are  m.nute.  and  f^e  higher  boiling  oils  produced  rom 
U  contam  only  small  quantities  of  naphthalene  and  anthracen^ 

Uses  of  Tar. 

is  drsHltS'"^  '^"  T""'"'  P"'*  °^  '^'  ^^'■^^'^  production  of  tar 
IS  distilled  m  order  to  obtain  the  more  valuable  products 
described  later;    but    there    are    many    uses    for  entirdy  raw 

n  did'  '?  '*'  '''^''"^^'  ^^"^^  ^'•^-  ^^*-  '^  f^-  been  heated 
m  closed  vessels  to  remove  the  water,  and,  incidentally    to  re- 
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cover  the  In^nzol).  Dehydrated  tar  finds  wi.ie  application  in 
the  prejiaration  of  roofing  felt,  and  for  preserving  timber  stone 
iron.  etc.  Tar  has,  weight  for  weight,  a  slightly  higher  heating 
value  than  coke,  and  is  now  being  used  as  a  fuel.  Formerly  it 
was  sinif.ly  poured  on  to  solid  fuel,  but  under  these  conditions 
combustion  was  by  no  means  complete;  now  the  tar  is  usually 
injected  in  the  form  of  a  fine  spray  bv  means  of  steam  or  air 
and  so  comes  in  intimate  contact  with  the  air.  this  resulting  in 
complete  combustion.  Tar  is  sometimes  simply  mi.xed  witli 
coke  for  heating  retorts  in  a  gas  plant  or  used  in  conjunction 
with  coke-oven  gas  for  heating  coke  ovens.  It  is  also  coi, verted 
into  a  gas  by  being  passwl  through  red-hot  tubes. 

There  are  so  many  valuable  products  which  may  be  obtained 
from  tar  that  its  use  as  a  fuel  is.  from  the  standpoint  of  conser- 
vation, to  be  condemned;  but  it  must  be  admitted  that  in  very 
many  cases  the  tar  has  to  be  used  in  tiiis  wav.  Large  gas 
and  coke-oven  plants  can  profitably  have  a  tar-distilling  f.Iant 
in  addition;  but  the  distillation  of  tar  in  small  works  is  not 
remunerative.  In  the  latter  case,  the  tar  mav  be  shipped  to 
central  dist.Ilmg  plants,  but  even  this  procedure  is  not  com- 
mercially Dossible  where  the  gas  or  coke-oven  plant  is  isolated, 
and  conscq'.  .;'y  the  cost  of  transportation  high.  In  such 
cases  the  L.,e    ■  ,  ar  for  fuel  is  the  only  possible  one. 

Distillation  of  Tar. 

Coal  tar  is  distilled  in  wrought  iron  stills.  These  stills 
are  usually  upright  cylinders  of  10  to  20  tons  capacitv.  some- 
times heated  by  steam,  but  more  often  by  a  direct  fire.  As 
water  in  tar  sometimes  causec  bumping  in  the  stills,  it  is  removed 
as  completely  as  possible  beforehand.  With  thinner  tars  the 
water  settles  out  on  the  surface  at  ordinary  temperatures  sufii- 
ciently  well  to  be  run  off,  but  thicker  tars  require  to  be  moder- 
ately heated  to  cause  a  satisfactory  separation.  The  still-head 
IS  connectLu  with  a  condensing  worm,  from  which  the  various 
products  of  distillation  are  conducted  into  different  receivers. 
At  the  end  of  the  distillation  process,  the  fire  is  drawn  out 
and  the  temperature  allowed  to  fall  to  a  point  at  which  the 
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pirch  left  hehin.l  in  the  still-thouRh  romaininR  liquid-will  not 
.gnite  when  it  comes  in  contac  t  with  the  air.  This  pitch  is  then 
run  out  .ntr,  harrels.  or  other  cuitaMe  receivers.  Sometimes 
in  the  last  stages  of  the  distillation,  superheated  .-^team  or  a 
vacuum  is  utilized,  since  either  of  these  causes  the  high-hoIlinR- 
[Hnnt  prockK  ts  to  pass  over  at  a  lower  temperature  than  would 
othen^.se  have  to  be  employed.  ReceniK-.  tar  has  been  success- 
tally  treatefl  m  continuous  distillation  apparatus. 

As  is  shown  l)elow.  the  various  first  pnxlucts  of  coal  tar 
pve.  on  refinement,  numerous  compounds  of  supreme,  iniport.ince 
m  technical  chemistry.  The  amounts  of  these  con.pounds 
ol.ta.ned  from  tar  vary  considerably  with  the  nature  of  the  tar 
Itself;  and  the  following  figures  merely  give  an  approximate 
Idea  of  the  rjuanfties  which  ma>-  be  expected  from  an  average 
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Derivatives  of  Coal  Tar— 

Ben;-tne  and  lioniologues 2h^^ 

I'heru.j  and  homologues 2-0'", 

l'.\  lidine  and  other  bases. .  n-  7SC' 

Aaphtlialene 6-0<^. 

Hea\v  oil  ■y-,     ,■' 

(.  rude  antliracenc  (,?0'~;  pure)  . .    .  \.>,c^ 

f';^'' 60     7^ 

Water  and  lo.ss  5     cr 

The  Light  Oil  (see  Table  IV),  which  is  3-6  per  cent  of  the 
inal  tar,  contains: — 

Phenols :;     _  i  s     c^ 

n     .  ,.                     ^  ^^      /c 

I  yndines j     _  j     cr 

Sulphur  compounds 0-19' 

^;'^"'^s 0-2-  0-37o 

Neutral  substances 1  -0—  '  -Sy 

Hydrocarbons 80     - 100     ^ 

The  hydrocarbons  are  almost  completely  aromatic,  four- 
lene               ^'^"^'-'"^  ^"^^  ''^^  homologues,  and  one-fifth  naphtha- 


The  Middle  Oil.  whirl,  n.nstiiutes  8—12  per  cent  of  th-  tar 
contains: — 

Phenol irtfv, 

^;^-^"'^ 20% 

Naphthalene ^Qr- 

r^esidui' — heavy  oil 401- - 

In    addition,    the    .,i!    contains    considerable  fiuantitics    of 
pyridine  and  other  bases. 

Th<  Ilravy  Oil.  10-12  per  rent  of  the  tar.  is  a  sen.i-liquid 
pro<iiict  ron taming:— 

Naphthalene ^qc 

Cresols  and  honioloeues.  ifK-/ 

ryridine  bases gf- 

Unknown  hN-drcK-arlxins 4orV 

A  nthracene  Oil,  which  is  1 1-16  per  cent  of  the  tar,  contains 
about  3  per  cent  pure  anthracene.  6  per  cent  phenols,  anrl 
numerous  other  liquid  and  solid  compounds. 

Pitch,  amounting  to  as  high  as  60  per  cent  of  the  weight 
of  tar,  contains  varying  quantities  of  free  carbon:  thus,  coke- 
oven  pitch  and  vertical  retr.rt  pitch  may  contain  as  low  as  1 
per  cent  free  carbon;  while  in  horizontal  retort  pitch  there  may 
be  as  much  as  40  per  cent. 

The  following  table  shows,  diagrammaticaliv,  the  first 
products  of  a  tar  distillation,  and  a  typical  mcthcxl  by  which 
these  are  wc,rked  up  in  many  tar  distilleries  to  obtain  the  further 
products  shown.  These  products  are  themselves  the  parent 
substances  of  innumerable  compounds,  many  of  which  are  of 
the  greatest  technical  importance,  as  will  be  seen  later 

The  ranges  of  temperature  mentioned  are  given  merely 
to  indicate  the  approximate  limits  between  which  the  different 
oils  are  collected,  and  not  to  put  down  any  definite  rule  of 
distillation.  Tar  distillers  vary  their  method  ,.f  working  con- 
siderably, according  to  the  demand  for  different  products- 
for  example,  with  a  strong  market  for  creosote  oil  (heavy  oil), 
the  distiller  will  desire  to  make  as  much  of  that  product  as 
possible  hence  may  collect  the  oil  between  wider  limits  than  is 
indicated  in  the  table,  and  sell  the  product  without  further 
purification. 
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TARL 
<:OAL 

Dhti 
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l.JKtlt  Oil 
Dimillir.y  up  to  170'^<' 
K.-distiik-d 


Miilflte  Oil 

Distillinti  170^-. 

<*IKirau*«l  by  cryst 


Pistillinu  up  to  HOC.      Owtillin^:  UO^HoT.      Distillinri  140'"   !7()'('. 

I'urit'uMl  with  sirlpliurit       l'uritii-<l  with  sulpiiiirn      I'urilitt!  with  sulphuric 

ai'i<l  anil  rt-(list>ll(  <l  arid  und  ndi'^tillrd  and  ami  rcdi.^tilli-d. 


*'(l';   H.-n/ol 


50';   Ucnzu 


Solvent 
Naphlhii 


I\t-*idu('  di^lillit;    ,iI>ovc     Crude  Carbolic  Acid     Crud 

170  I  .                                   di<iuid). 
Mixeil  with  Mul   ii-  nil    Tr-atitl  with  warm  scxia   Pur 
i acid 


SoiubU-.  Insolubli'. 

I'rt^  ipitatfd  bv  ^,i!;,lnirif     \d<lrd  (r.  Middle  Oil 
a.  i  i  .uid  di.^tiii  d, 
Separat' d  h\  rry^x     li/ation 


(.  r>  -italline  I  arh< 
(puri'i 


Acid        Liiitiid  Carbolic  Acid 

uni[iure) 


vov; 

Uonxofi 


5ov; 

Ut'uzut 


Sf>lvent 
Naphtha 


Cryst;illim' 

CarlMjlic  Ati'i 


Liquid 
CarU)li»  Acid 


TABLK    IV. 
<:OAL  TAR. 


Di'itilk'tl 

I 


Mlilrtle  Oil 
illini!  ntf-ilWC. 
tt*<l  by  crystallization 


Heavy  Oil 
nistillini;  .M(r  J7II  ( 


Anthracene  Oil 
Distillinn  above  J70°('. 
^<'parate(I  by  cry!«taltiz;ttion 


Pilch 


Acid 


-I 

t  rude  N'aphthalcm'  (cts- 
talsl. 

m  soda   Purifio<l  v.-ith  sulphuric 
acid  distilled  or  subliiiu^l 


Pure 
Naphthalene 


fru.'e 

Anttiriuci: 

tcr^slaU 


Anthracene  Oil     linuid). 

UiNlistilled  and  -.  [taratetl 

by  crystallization 


■  Acid 


Crude 

Anthracene 

(crystals) 


Tri-ai<-d  uith  Solvent 
\.ii.  tha 


Anlhracenc 
Oil 


Ainiiracene 


% 


Naphthalene 


Heavy 
Oil 


5I1' ; 

Anthr.rcene 


Anthracene 
Oil 


I'ach 
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COMMERCIAL  PRODUCTS  OF  COAL  TAR;  THEIR  USES 
AND  DERIVATIVES. 

90%  Benzol. 

mes.— 

As  a  solvent  for  the  .  ■  cture  of  colours,  for  ex- 
tracting fat  from  bones  :  -^s,  and  for  making  iron 
varnishes;  also,  as  a  deterg....,  as  a  fuel  for  internal 
combusUon  engines;   and  for  carburetting  gas. 

Derivatives. — 

By  distillation,  pure  benzene,  toluene,  xylene,  etc 
are  obtained.  Benzene  is  widely  used  in  the  prepara- 
tion of  numerous  technical  organic  products.  From 
It  nitro-benzene,  aniline,  etc.,  are  readily  obtained,  and 
therefore  it  is  the  parent  substance  of  the  numerous 
aniline  dyes;  of  many  artificial  perfumes;  and  of 
photographic  developers,  etc.  Toluene  and  xylene 
are  used  in  the  preparation  of  certain  dyes.  The  for- 
mer give?  on  nitration  trinitrotoluene,  a  substance 
used  in  the  manufacture  of  explosives. 


50%  Benzol. 

Use- 
As  a  substitute  for  the  90  per  cent  benzol,  in  the  manu- 
facture of  certain  dyes. 


Solvent  Naphtha. 

Uses. — 

As  a  solvent  for  rubber  in  the  preparation  of  water- 
proof fabrics;  as  a  detergent;  and  as  a  solvent  in  the 
purification  of  anthracene. 


''  Ja: 
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Ciystalline  Carbolic  Acid. 

Use- 
As  an  antiseptic. 

Derivatives. — 

By  nitration,  carbolic  acid  gives  picric  add,  which  is 
used  in  the  manufacture  of  many  important  explosives, 
and  of  some  dyes.  It  is  the  source  of  many  substances 
used  m  the  colour  industry  (e.g.  salicylic  acid),  and  of 
certam  photographic  developers  (e.g.  metol). 

Liquid  Carbolic  Acid. 

Uses. — 

As  a  liquid  antiseptic,  and  as  the  active  principle  of 
dismfectant  soaps,  powders,  etc. 

Naphthalene. 

Uses. — 

For  carburetting  gas;  for  disinfecting  purposes;  for 
driving  explosive  motors;  for  preserving  raw  hides- 
and  sometimes  also  for  fuel.  Crude  naphthalene  is 
usually  employed  for  the  above  purposes. 

Derivatives. — 

Pure  naphthalene  is  the  starting  point  in  the  manu- 
acture  of  a  large  number  of  important  artificial  colours 
(phthalein  colours,  azo-colours,  indigo,  etc.). 

Heavy  Oil.     Also  called  Creosote  Oil. 

Uses. — 

As  an  illuminant  where  smoke  is  no  objection;  as  an 
antiseptic;  as  a  timber  preservative;  as  a  lubricant ;  as 
a  binder,  when  mixed  with  pitch,  in  the  manufacture  of 
patent  fuels;  as  a  fuel;  and  as  a  solvent 


Vf .  --< 
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50%  Anthracene. 

Uses. — 

Not  important. 

Derivatives. — 

Anthracene  is  the  raw  material  from  which  alizarin 
and othenmportantcolouringmatters  are  manufactured. 
Anthracene  Oil. 


Uses.- 


For  lubricating  purposes;  for  timber  preservation;  for 
making  soft  from  hard  pitch;  for  removing  naphthalene 
from  coal  gas. 


Pitch. 


Uses. — 

For  road  making;  for  preparing  artificial  asphalt  by 
admixture  with  heavy  oil;  for  manufacturing  varnishes 
by  admixture  with  middle  oil;  for  making  patent 
fuels,  after  softening  by  admixture  with  heavy  or 
anthracene  o?i;  for  insulating  cables,  etc.;  for  roofing; 
and  for  making  coke  for  electric  carbons. 
Lunge  gives  the  following  diagram,  which  shows  clearly 
the  various  first  products  obtained  from  coal  tar 
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TABLE  V 

First  Products  from  Coal  Tar 

(Lunge) 


•  Ammoniacal 
Liquor 


First  Runnings - 


Coal 
Tar 


-  Light  Oil 


Carbolic  Oil 


Creosote  Oil 


-  Anthracene  Oil- 


L 


Hard  Pitch 


Sulphate  of  Ammonia 
90'^^,  Benzol 
S09;  Benzol 

Pure  Benzene.  Toluene,  etc 
■Solvent  Ndphtha 
Burning  Naphtha 
Pyridine  Bases 

Carbolic  Acid 

Crcsols 
Naphthalene 
Creosote  Oil 
Anthracene 
Carbolineum 

Varnishes 
Patent  Fjel 
Soft  Pitch 


COAL  TAR  IN  THE  INDLSTRIES. 

The  many  uses  mentioned  for  the  substances  enumerated 
above  clearly  mdicate  their  vast  technical  importance  The 
commercal  aspect  of  the  relations  of  these  coal-tar  products  to 
certam  large  mdustries  is  discussed  in  the  followin/sections:- 

Timber  Preservation. 

Wood,  when  exposed   to  moisture,  or  set  in  water    mav 
decay  through  the  action  of  different  organisms  or  fungi     or 

slid    n       "'1  ''  T"'^-     '^^  P^^^*^"'  ^'^•^'  '^^  ''-•- 
IZ  "l/"'"^^hem.cal  which  will  act  as  a  poison  to  such 

enem.es.      Mercunc     chloride,     copper     sulphate,     and     z"nc 

chloride,  are    examples  of  suitable  poisons,  and  of  these  the 

waler^L  '^  't'^'  "T''     ''''''  '''''  '^^ '  ^»  -'""'e    " 
water,  and  may  be  rather  quickly  washed  out  bv  rain,  etc 

wh  ch  :s  msolub  e  m  water  and  consequently  is  more  permanent 
m  us  action.  It  gradually  evaporates,  but,  if  a  helvy  oil  be 
chosen  the  rate  of  evaporation  is  very  slow.  Coal  tar-also 
nsolu  e  -  water-is  often  used;  but  its  penetrating  powe^ 
s  small.  Creosote  oil  .s,  therefore,  the  most  suitable  material 
tor  timber  preservation,  and  is  most  used  in  Canada 

The  wood  to  be  preserved  is  put  into  iron  tanks,  which  are 

uood  allowed  to  remain  immersed  under  pressure  for  some  time 
o  ensure  the  complete  filling  of  the  po^es.  The  preservative. 
to  be  effective,  should  contain  high-bo  r.g  oils;  for  general 
purposes  not  more  than  50  per  cent  of  it  should  distil  below 
1  n"  ,'?"^/';"";^-°"J  P^vi"g  blocks  not  more  than  55  per  cent 
should  disti    below  that  temperature.      Economv   of  creosote 

be  mT  h\   /'-""l  '^'  ^'"  '"^  ''  ^"  '"^^■"-  -'•  -h-h    siiouS 
be  mixed  hot,  in  the  proportion  of  80  pans  oil  to  20  r)arts  of 

coke-oven  tar,    the  latter  containing  not  more  than  5  to  6  per 

cent  of  free  carbon.     The  penetration  of  such  a  mixture  is  not 

less  than  that  of  creosote  oil,  if  the  time  for  which  the  timber  is 

kept  under  pressure  be  slightly  increaswj. 


38 

On  the  American  continent  the  demand  for  creosote  oil 
IS  much  greater  than  the  supply.  In  1913  the  United  States 
consumed,  for  timber  preservation,  over  90  million  gallons  (Imp  ) 
of  the  oil,  and  of  this  62  per  cent  was  imported  from  Europe 
Between  60  per  cent  and  70  per  cent  of  the  total  quantity  of 
O.I  consumed  was  used  for  the  treatment  of  railway  ties,  some 
25  million  being  thus  treated.  In  Canada,  19  million  cross-ties 
are  used  annually,  and  only  about  10  per  cent  of  these  are 
creosoted;  but  even  for  this  comparatively  sma'!  number. 
Canada  does  not  reduce  sufficient  creosote  oil.  If  all  the  tar 
produced  in  gas  and  coke-oven  works  in  the  country  were  dis- 
tilled, the  home  supply  of  creosote  oil  would  still  be  quite  un- 
equal to  the  demand,  and  tar  distillers  would  therefore  be  certain 
of  a  sale  for  one  of  their  most  important  products. 

Road  Making. 

Raw  tar  is  sometimes  used  in  the  making  of  roads;  but  it  is 
better  to  employ  the  prepared  or  dehydrated  tar.  This  is 
generally  poured  or  sprayed  on  existing  roads.  In  dry 
weather  it  serves  to  keep  the  surface  free  from  dust,  and  in  wet 
weather  it  protects  the  road  material  from  the  disintegrating 
effects  of  water.  In  the  actual  construction  of  roads  coal- 
tar  pitch  and  asphalt  are  much  used  instead  of  tar  Coal- 
tar  asphalt  is  made  by  mixing  pitch  with  suitable  quantities  of 
creosote  and  anthracene  oils;  and,  although  it  cannot  entirely 
replace  the  natural  asphalt  in  street  paving,  it  is  a  very  good 
substitute.  For  making  sidewalks  a  mixture  of  coal-tar  pitch 
and  natural  asphalt  is  often  employed,  sandy  material  being 
ground  up  with  the  mixture,  which  is  then  melted  and  mixed 
with  gravel. 

The  use  of  pitch,  etc.,  in  the  making  of  roads  is  increasing 
rapidly;  and  even  at  the  present  time  there  is  a  good  demand 
tor  this  residual  material  from  the  distillation  of  coal  tar. 

Disinfectants. 

Carbolic  acid  in  its  pure  crystallized  state  is  used  for  medi- 
cmal  purposes,  as  an  antiseptic,  etc.;   but  it  has  a  much  wider 
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""■^n'leLiant    more    rnnvf-nifin-      tu 

moths,  etc.  "•'l">''"sa»apreve„tivauKatet 

Explosives, 

prcparatb,,,   f„r   tho   manufacture,  of  e,n  Sv!.       , 

Power  Production. 

addition  Ttht '"  "  '  !";'  ''''  ^''"'"^'^  '^^"  "^-^--"f-  '^"t  in 
aaaition  to  thi.,  ,ome  of  the  products  of  distiilatioii  arc  ii  ,.fnl 

S}^?-  "^  -=tL^r  u  ? 

covered,  that  sulstance  wa,  considerably  u^-d  a    a  fuel         I 
Itqutd  state  mto  furnaces  as  was  described  for  tar;  aud  is  also 
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Heavy  coal-tar  oil  also  finds 


used  for  drivinR  explosion  motors, 
some  application  as  a  fuel. 

The  intrwi notion  of  the  Diesel  engine  has  openetl  up  a  new 
and  important  use  for  heavy  oils.  The  great  success  with  which 
the  Diesel  engine  has  already  met  is  due  partly  to  its  simplicity 
and  economy,  and  partly  to  its  adaptd)ility  for  using  many  kinds 
of  liquid  fuel.  Although  most  kinds  of  crude  oil  are  applicable. 
It  is  preferable  partially  to  refine  the  fuel  before  use.  It  i'as  been 
shown  that  mineral  oils  free<l  from  benzene,  lignite  tar  oils, 
and  animal  or  vegetable  fat  oils,  can  always  be  used  as  fuel- 
but  that  coal-tar  oil,  and  also  vertical  retr  .t,  water  gas,  oil  gas,' 
and  coke-oven  tars  may  be  used  only  with  the  aid  if  special 
apparatus.  Tars  from  horizontal  or  inclined  retortt  cannot 
be  used.  The  following  specifications  for  coal  tar  or  tar  oil 
for  Diesel  engines  are  given  by  Rath  and  Rossenbeck  (Zeit. 
Ver.  deutsch.  Ingen.  1913,  page  1490);— 

1.  Tar  oils  must  not  contain  more  than  0-2  per  cent  of 
solids  insoluble  in  xylol,  nor  more  than  0  05  per  cent  of  incom- 
bustible matter. 

2.  Water  must  not  exceed  1  per  cent. 

3.  The  residueoncoking  must  not  begreaierthan  3  percent. 

4.  At  least  60  per  cent  by  volume  of  the  oil  must  distil 
over  below  300°C. 

5.  The  lower  calorific  value  must  not  be  less  than  8  800 
Cals.  per  kilogram. 

6.  The  flash  point  must  not  be  below  65  °C. 

7.  The  oil  must  be  quite  fluid  at  15T.,  and  mf  not 
deposit  solids  on  standing  for  half  an  hour  at  8°C. 

In  Canada  petroleum  products  for  power  production 
(gasoline  and  heavy  oil)  are  much  cheaper  than  in  most  European 
countries;  so  that  benzol  and  other  coal-tar  distillates  cannot 
readily  compete  with  petroleum  products  as  fuels  in  this  country. 

Detergents  and  Solvents. 

The  more  v  tile  distillates  from  coal  tar  are  important 
solvents.  Benzol  is  used  as  a  solvent  in  the  colour  industry; 
and,  owing  to  its  solvent  action  on  fatty  matters,  it  is  used 


% 
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tillates,  finds  applic.Zn  1  ul  '  /  " '  '"^'^^^''  '^'"■""^  ^^••''- 
fabrics,  where  it ^furiTor  ^  "[^""^^^ture  of  waurproof 
is  the  best  so  vent  t    ant.  "  '^'  '"''ia-rubher.     N.phtha 


Colour  Industry. 

from  which  anflh,,.  i  ™  ^liK   „    .  S'?,'    '"T'  ."i'™!'™"",.., 

acid,  which  i  utl  i„  ,hc°p  l:  ™i™°°,  r'"''""  '""'  '""^•■'■' 
d>es.  as  won  a»  of  an.hraXac  7  li  ^  •''■'"''"' *•'  ""  '"'" 
production    o,    artificial    wU"*':,;',;;,:;^"^^^^^^^  '"  '>>' 

fend  the  incfust  y;    fur  hrZ'.h^r '''■"''""- '  T^^"''"-'  ^° 

d«o..  o„eir:hi;:rs"  ^;zt::^^^:^:^ 


^sti^m 
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The  imports  under      ,e  latter  subdivision  constitute  only  3-8 
per  cent  of  tli-    impoi;.  ■  •  the  whole  division;    of   this  amount 


only   27-8  per  cent  corn 
stufifs"  and    'Extrai 
that,  in  the  Ui.'cl 
tar  dyes   is,   in 
imported  during     ' 
tothe\alueof  S46</    v    , 
and  §174,531  to  th(     "-;■ 

In  confirmatio 
impracticable  to  f^; 
following  paragrai 
Bernhard  C.  Hess( 
1914  issue  of   the 
Although  hi'i  stateni 


under  the  heading  "Artificial  Dye 

veing."     It  will  bo  seen,  therefore, 

any  rate,  the  total  trade  in  coal- 

mparativeU-   small   one.     Canada 

•Ij-14,  aniline    and    coal-tar  dyes 

'ch  $223,871  was  paid  to  Germany, 

ites. 

ve  St    -         t  that  it  is  at  present 
'  iudustry  in  Canada,  the 

)m  an  interview  with  Dr. 
,  published  in  the  September 
iikI  Chemical  Fiigineering." 
cc  1  litions  in  the  I  nited  States, 
yet  his  remarks  ar.  well  wonh  .nsideration,  as  it  is  quite 
evident  that,  to  an  .  vtn  greater  exf  .t.  the  difficulties  he  men- 
tions uould  arise,  suuuld  an  attempt  be  made  to  found  such  an 
industry  ;n  Canada. 


-lallu 


IS  ret 


In  tlie  coal-  ,r  industry  the  following  three  divisions  may  be  made  for 
cunveniLiire  .md  ilarity  — 

1.  Products  from  ,-„,d  tar  l.y  distillation,  expression,  an.l  like  operations 

2.  I'roducts  obtaine<l  from  1  by  chemical  transformation,  but  not  ihemEtlvei 

dyes. 

3.  Dyes  made  from  i. 


The  key  to  the  sitiiaticm  lies  in  division  2,  and  in  thi.s  Germany  controls 
the  world's  market.  Thi.s  control  is  due  to  the  facts,  that,  while  the  growth 
of  this  divKsion  was  relatively  slow,  >e.  the  field  has  become  •>,  rv  much  inter- 
woven, each  of  its  hundred  or  moie  products  tn-ing  depcn.lent  upon  or  made 
up  of  one  or  more  other  pro.iucts,  so  that  no  one  of  them  is  of  use  without 
still  others;  and  that  the  industrial  and  commercial  conditions  or  relations 
have  grown  with  the  techi.i,  d  development  so  that  the  coal-tar  dye  industry 


IS  really  a  conglomerate  of 


many  separate  parts  acting  and    reacting  upon 


each  other,  commercially  and  industrially.  .Not  a  single  one  of  the  22  factories 
in  Germany  is  wholly  indep.  ndent  of  other  factories  in  Germany,  whereas 
together  the\-  are  independent  of  sources  outside  of  Germany,  or  can  very 
readily  be  so  should  occasion  arise.  It  would  not  do  merely  to  transplant 
even  the  largest  German  works  to  this  country;  a  part  of  probably  each 
German  works  would  be  necessary  to  produce  here  or  anywhere  a  complete 


1 
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d:^.r;;::.-t':.i:s. :-'' '  '""-'^""-  -^  ^^^  ->--  ">e  '- 

«.ry  ..n.^  /..an!*        ITv     L  ;^  an  at,e„,p,   u,  ,r..n.„la„t  „-  ,hi,  country 

in*  .Siiei^o' :,:r^nr  in  "t  "^"  '"'^  T"  ''^  "'"^^  ''■*"  ^"  >-«  •»  --<!• 

-lye,  tt,an  i,  huvs  from'Gcrn,.nv   I         |     f  ,  """"'■    """'  "'•''■'"' 

Germanv  '       '  '^'"•"°"  -  '"""  <'— ""V  •'>•'"  'I'-V  s<H  ,„ 

and  ^ts^;':^!^:;":;::  i':?  "■'"'^■^-  r  '"^"'-^'^ ^'^'^  ^^  -"-contained 

.  coal  tar  dje  iM.lustry  in  this  couniry   w,.ul,l  tw-,l,v  c-,ll  f  , 

pr  paredn.ss  to  n.ake  al.ou,  7.X.  .lifTeren:  dyes.  In  h.  f...  ,  y  .a  9  3  9  4 
th..sfountry.i„,,onedin.|inototlieextentofSlf.g)  i .,  ,."".>''*'  1^3-1914 
of  $845,459,  1,0,1,  of  which  .re  w  ih  ,  ,  '^f ''■'W^-':'''.  ^I'^-'rin  ,0  th,-  extent 
aniline  dves  with  a  imvoMoL  ""^  .P^-"^ction,  $7,464,134  .„r,h  of 

This  r   -ans  T,;  ,  i^"   ,  ',1;  ^^^.^    H  '"  ""  *'''''''"^- ^ 

each,,,  ..l,our  SKi,     ,    "'•'""""'''>''='.  *"uM  average  a  gross  annual  inconi, 

and  .0  nf  i       •  '''  ""  «'"*  ■'"•'  ''"-^'"P  ^"ch  an  in-lus,ry  or  ,rt 

those  who  develop.!  tJiri;''":"  r"''"''''""j '"^ 

With  unlimited  and  iininediat.lv  avUl,I,',.r,„;.,l  , I,     \        •  ,       ■ 

ha^di...,ps  o:^::;:td.fi:j:,;:  :'^^^'^^' "-  -^^  '-'^^  •''-">■  -  -^» 
ZS';,:'  ■■  "•'"■■"",;"■■  -»<"-"- 1;;  "Z'z:,  ::■■,;:,::;; 

^    '•''"-' ''Ci'ii'-s  ai  .|  (■a;.iialia!s  in 
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this  country  for  many  years,  without  a  definite  or  satisfactory  answer  thereto 
having  been  arrived  al.  Whether  the  present  conditions  will  contribute 
to  a  solution  of  the  problem  cannot  be  decided  out  of  hand;  the  first  impression 
certamly  is  that  they  will  not  so  contribute. 

CANADIAN  TRADE  STATISTICS. 

Some  statistics  have  already  been  given  in  the  text;  but, 
in  order  to  group  together  figures  in  a  more  convenient  form,' 
the  following  tables  (compiled  from  Mineral  Production  of  Can- 
ada. 1913,  by  J.  McLeish,  Mines  Branch,  Ottawa;  from  Trade 
and  Navigation  Unrevised  Monthly  Statements  of  Imports 
Entered  for  Consumption,  March,  1914;  and  from  Weekly 
Report,  No.  554,  Department  of  Trade  and  Commerce,  Canada) 
have  been  arranged  for  products  mentioned  in  this  report, 
and  also  for  products  which  compete  with,  or  have  any  bearing 
upon  them: — 


r  w:^ 
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TABLE  VII. 

Canadian  Imports. 


Articles  and  countries 
whence  imported. 


Twelve  months  ending 
March,  1914. 


Quantity. 


Coal,   anthracite,   and    anthracite 
dust: —  I 

From  G.  Britain ' 

I'.  States ■ 

Other  countries ! 

Coal,  bituminous  slaclj  such  as  will, 
pass  through  a  J"  screen: —       ! 

From  G.  Britain i 

L'.  Slates 

Coal,  bituminous,  round,  and  run 

of  the  mine — and  coal  N'.O.P; 

From  G.  Britain 


U.  States 

Other  countries 

Coke : — 

From  G.  Britain 

V.  States 

Coal  and  pine  tar,  crude,  in  pack- 
ages of  not  less  than  15  gallons:— 

From  G.  Britain 

V.  States 

Other  omntrics 

Coal  and  pine  pitch: — 

From  ("..  Hrit.iin 

r.   Sialfs 

Other  countries 

Asphaliuiii  i.r  a-pluilt,  solid:— 

From  (',.  Britain 

C.  Slates 

Me.\ic() 

( ■iTiiiany _ 

Otlii^r  (-1111111  rii-s  .... 


Tons 
33,909 
4,351,833 
5 


1,711 
2,934,2^6 


964' 

Till 

10,798,271 

18,301- 

337! 
708,440 

Galls. 

IS. 684 

2,625,731 

2,375 

127, 67(1' 
l,32'),S,Si)j 

C'wts.       j 

15.5QS' 

715.716; 

246. 67()' 

17.521' 

7I.Kt,?' 


Value  in 
dollars. 


Tariff. 


149,529 

20,584,198 

399 


3,935 
4,296,010 


3,478 

2,412 

21,768,147 

66,694 

2,199 
2,058,715 


Free 


Genera! 


Genera! 

Preferential 

General 


Free 


."81  Free 

112,309  « 

622  « 

6,^09|  Free 

74,7.iV  « 


I 

1.'^.412:  Free 

()lll.960i  « 

15').()7.Vi  « 

47.')I,s!  ■ 


'  ^^^-^^T^MHMJS^'^i^^r^^ 
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TABLE  Ul.— Continued. 


Articles  and  countries 
whence  imported. 


Asphalt,  not  sohM:— 

From  C.  Britain 

L'.  States 

Asphaltum  oil: — 

From  L'.  States 

Carbolic  or  heavy  oil: 

From  G.  Britain 

U.  States 

Other  countries 

Dyeing  or  tanning  articles  in  a  crude 
state  used  in  dyeing  or  tannini,, 
N.O.P.:— 

From  G.Britain 

U.  States 

Germany 

Other  countries 

Aniline  oil,  crude: — 

From  G.  Britain 

V.  States 

Other  countries 

Aniline  sails: — 

From  (;.  Britain 

''■  Slates 

Aniline  and  (o,,l.tar  dyes,  sohihle 
m  watrr,  in  hulk  or  packages  of, 
not  less  than  1  ll>.  vvefsht,  includ- 
ing alizarin  and  artificial  aliz- 
arin : — 

From  G.  Britain 

l-'.  Slates 

Germany 

S«!lKc:-I,inil I 

filer  ciinniri)";  ..  ,  I 


Twelve  months  ending 
March,  1914. 


Quantit 


>'• 


Galls. 

329,639 

683,117 

9,441 


Lbs. 

309,590i 

7,852,5911 

147,356 

3S,4S2 

54,410 
27 , 240 
15,000 

131,444J 
4,.^00| 


i')l.5ir) 

56,?,  (75 

l,354.i»2s| 

I2S.7N5 


Value  in 
dollars. 


TariflF. 


301  Preferential 
33,318    General 


28,087 

57,414 

53,599 

3,307 


Free 
Free 


13,705  Free 
143,299|      " 

5.5591      « 
1,7121      ■• 


5,677 
2,961 
2,664 


Free 


10.035    Free 

625       « 


37,840  Free 

174, 5,m!      " 

223, 87l'      « 

32 ,  55,?i      " 

255'      " 
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TABLE  \'n.—C07Uinued. 


Articles  and  countries 
whence  imported. 


Aniline   dyes   in    packages   of   less 
than   1  lb.  weight: — 

From  G.  Britain 


U.  States 

Other  countries 

Coal-tar  base  or  salt  (paranitrani- 
line) : — 

From  U.  States 

Other  countries 

Indigo: — 

From  U.  States 

Indigo,  paste  and  extract  of: — 

From  G.  Britain 

U.  States 

Germany 

Ammonia,  sulphate  of: — 

From  G.  Britain 

U.  States 

Othtr  countries 

Fertilizers  unmanufactured, 
N.O.P.:— 

From  G.  Britain 

U.  States 

Other  countries 

Saltpetre  or  nitrate  of  potash  :- 

From  G.Britain 

U.  States 

Germany 

Soda,  nitrate  of,  or  cubic  nitre :- 

From  G.Britain 

U.  States 

Chili 

Germany 

Other  countries 


Twelve  months  ending 
March,  1914. 


Quantity. 


Lbs 

1,300 

480 

875 

SO 


16,166 
21,645 


3,608 

1,265 

20,479 

125,990 

273,206 

77,131 

1,094 


35 
43 


146,611 
,002,317 
560,700 

480,966 
,898,258 
,578,050 

229,774 
75,133 


Value  in 
dollars. 


TariflF. 


206 
52 

334 
15 


2,316 
3,081 


General 

Preferential 

General 


Free 


1,414 

90 

3,170 

20,388 

7,757 

2,944 

148 


5 

996 

2,072j 

7.610 

51,S5f> 
25,708 


12,719 

826,277 

767,265 

8,568 

3,547 


Free 
Free 

14 

a 

Free 

u 

m 

Free 

a 
u 

Free 


Free 


m 
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TABLE  \U.— Continued. 


Articles  and  countries 
whence  imported. 


Twelve  months  ending 
March,  1914. 


Acid  nitric: — 

From  G.  Britain 

U.  States 

Ammonia,  nitrate  of: — 

From  G.  Britain 

L'.  States 

Norway 

Germany 

Other  countries 

Nitrate  compound,  adapted  for  use 
in  the  manufacture  of  explosives:! 

From  U.  States 

Blasf'ng    and    mining     powder:— 

1       n  G.  Britain 

U.  States 

Giant  powder,  nitro,  nitroglycerine, 
and  other  explosives,  N.O  1'.:— 

Fiom  G.  Britain 

U.  States 

Salammoniac: — 

From  G.  Britain 

L'.  States 

Germany 

Other  c-jntries 

Cyanide  of  potassium,  cyanide  of 
sodium,  cyanogen  bromide  I 
reducing  metals  in  mining  oper- 
ations:— 

From  G.  Britain 

U.  St.ites 

Gerniinv.  .  .  . 


Quantity. 

Value  in 
dollars. 

Tariff. 

Lbs. 

8,480 

497 

Preferential 

254,196 

13,610 

General. 

114,545 

6,502 

Free 

268,186 

17,982 

U 

340,886 

19,973 

a 

180,576 

9,645 

a 

1,667,851 

93,888 

m 

4,800 

280,200 
54,330 


56,6961 
273,882 

378,767 
68,573 

297,069 
40,363 


685 

068 

923 

707 

1 

715 

300 

28,294 
3,732 


37,151 
52,856 

20,670 
4,147 

14,834 
1,891 


Free 

Preferential 
General 


Preferential 

Goiiiral 

Free 


100,706 

142,997 

204 


Free 
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TABLE  Vn.— Continued. 


Articles  and  countries 
whence  imported. 


Twelve  months  ending 
March,  1914. 


Potash,   rtd  and   yellow  prussiaK 
of: — 

From  G.  Britain 

U.  States 

Germany 

Other  countries 

Soda,  prussiate  and  sulphite  of:— 

From  G.  Britain 

U.  States 

Other  countries 

Gasoline  under  0-  725  specific  grav- 
ity at  60  degrees  temperature:— 

From  U.  States 

Petroleum,  crude,  fuel  and  gas  oils 
(0  •  8235  specific  gravity  or  heavier! 
at  60  degrees  temperature)  :- 

From  U.  States 

Petroleum,  crude,  gas  oils  other 
than  naphtha,  benzene  and  gaso- 
line, lighterthan  0-8235  but  not 
less  than  0-775  specific  gravity 
at  60  degrees: — 

From  U.  States 

Coal  oil  and  kerosene,  distilled 
purified  or  refined:— 

From  G.  Britain 

L).  States 

Other  countries 

Illuminating  oils  r(>Mi[)oscd  wholly 
or  in  part  of  the  products  of 
petroleum,  coil  shale  or  lignite, 
costing  more  than  30  cents 
per  gallon: — 

From  G.  Britain 

f.  Stales 

Ollirr  Countries 


Quantity. 


Lbs 

52,098 

5,997 

59,109 

49,697 

42,415 
79,942 
33,495 

Galls. 
27,451,397 


177,879,835 


45,853 


175 

19,278,099| 

2,205 


1,611 
165,766 

91.^! 


Value  in 
dollars. 


Tariff. 


5,969 

908 

7,259 

5,886 

3,711 
4,246 
2,907 


4,466,986 


Free 


Free 


Free 


5,994,318    Free 


4,903 


33 

1,350,502 

563 


General 


(^neral 


787 
65,427 

510, 


Preferential 
General 
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TABLE  \n-Conlinued. 


Articles  and  countries 
whence  imported. 


Twelve  months  ending 
-March,  1914. 


Lubricating  oils  composed  wholly 
or  in  part  of  petroleum  and  cost- 
ing less  than  2S  cents  per  gal- 
lon:— 
From  G.  Britain 


U.  States 

Other  countries  . 

Lubricating  oils,  X.O.P.: 

From  G.  Britain 


U.  States 

Other  countries 

Petroleum,  products  of,  N.O.P.: 

From  G.  Britain 

U.  States 

Other  countries 


Quantity. 


Galls. 

2,853 

10.388 

5,134,973 

8,520 

8,967 
105,496 
991,316 

6,804 

26,819 
5,138,909 

546 


Value  in 

dollars. 


643 

2,369 

707,811 

1,985 


36 

,444 

333 

584 

3 

5S0 

6 

740 

618 

506 

121 

Tariff. 


General 

Preferential 

General 


General 

Preferential 

General 


Preferential 
General 


NoiB.— N.O.P.  lignlSei  "not  othenrUe  proTided  for." 


■;^  ""'i.^ 


■^   -Si-  .Hfi 


CANADA 

DEPARTMENT  OF  MINES 

MINES  BRANCH 

l;i-(,I\t    llAANhL,    I'll.l).,    I.1KI,,T,,K. 


Ki;i'()kTS   AM)    MAI'S 

PUBLISUID   BY    THE 

MINtS   BKANCJ 


REPORTS. 

'•     "1i:^.nT  iSr?.!^^  '''""^"'^-  ^'"''-'     J^epon  .„-,,,  Eugene 
t2.     ^-Utl:!:;•R=\^^^?^;^.^■^:^.|^I!;-  — ^V  R.  C;.  ^,cCo^ne>,. 

of  Special  con.n.L;:.:;!:!:'^;;^- '•  rH!::;-,:'';^^"^-;^:^.  •<''p'- 

5.     On   the   location  and   examination   macnetic  ore   ,l,no.;,     I„. 

netometrtc  measuren,en,s-l,y  Kus.^.r'nari/rH;::  Vm""'^' 

tlO.     M:ca:^u.  "i^^^:"'^;""^"--  -'  —by  IVi.z  Cirkel.  M.E.. 

^'"'     '■"  eM>lohv  ion''  ^;;t  'r'r';"  ^'"•!  '!^'-  ^'""""""'=  -ff-in.  their 
tt6.   •^^^-";--  -;|-t^;«uh  S.e    M.ie,  unHer  Coverntnen,  auspices. 


tl8.     Graphiu^:^  ';^£"';^;r'   — "-,   .fining.   an,|   u^s-by   Kri.z 

^"'  ''"Xy'rc^lr  mIk','",;,""""'"""'-  ^'"''  "*^  '"  Kur,,.^by  Erik 

m  Iron  ,.r.  ,l.p^i,  .,f  N„va  So,!...  R.,,ort  ,n>  (I'art  I,-l.y  J.  E.  U,«d- 

21.  Summary  report  of  Mines  Hramh,  I'»o:-8. 

22.  '"'';j;^  Jl--'-;!  Thu.vl.  r  Bay  an.l  K,.iny  River  .liMric...     Ke.K.r, 

t23.     '-'y;!;:;';-P;-;;l.^.,^..^.Ou..wa  ,Q,,e,.c  .„e..,  ,; .,.  Hvers. 

24.     '-'"j|.' I.  report  on  ll,e  mining  an,l  nietallursical  i,„lusfie.  of  Ca,,..!.,, 

^''     ^^''''uT!y\Zll'^  '"•'""'"•      '^^'"■"   ""-''^  T-    '■   W'.lker,  f-h.D. 

''■  ^^.t 'AM.[;[:h|"H"r  "^  ''""-■■'■  '"''■  •^""•■"'  -port  o„-„y 

t27a.  T,„.  n,i..,;  .-j'-ion^,.  C-ana.,„.  ,0u..     ,>re.i.i,,..ry  rcpon  on- 
t2S.     Siimnary  rep.irt   of  Mines  liraneh,   1')(IS. 

-"■  '"''';;r'h>;;y"(';!i"r":s^ "T '•■"'^^" Townships.  Mon-^raph on- 

l'\     Iritz    Cirkel       (Si,pp|,rv,rniarv    .-.'Uion:      INperini.iiis    with 
chronu-ea,    .Md.ill    ItuverMty-hy  J.    H.    I'or,.  r/ K.M.'  I)  Sc.) 

BMllct.n    No.    l-l,y   Krik   Nystron,.   M.K,.  an.l  A.  An;ep;  P^t 
''•     '"'Snrn^Lt^h'D.^'"^'    '"""-'■'    ^-■'-"'-     '^'■P-'    "-^y 

''■  '^"■\c;n:;''.!d;;i^irE""  ■"""  ■'^''^""  '^'-'''-  '^'■p<«  — '>y 

t55.     The  hit, n-m,ons    or  oil-shale,  of   NVw   Brunswick  an,i   Xova  S-otia- 
Kll's,"l-L.D.'  '  '"     "'-   "'  ^""■""'-     '^^''"'^^  on-by  W   k: 

''■  """  .inv'iz' Mc;:;"sh!  hT'-'-  '""'  •^"'^  ''''■  ^""-'  -p- 

t  Publications  marked  thui  t  are  out  of  print. 


imk^srmni^~»k. 


42. 
4.*. 


59. 


Prixluction  of  cement  in  Canada,  I'm. 

'y^Zr'J::^!^^.  ""■■  -  C---  '^--"^    he  ..Icndar 

'"V^'l^  19(;^^"'""^  '"  ^"""^"^  ''"-«  'he  .al..„dar  years 

''      '^'l^'^':;;^  1<^''''  '"  ^"^"^^-^  ^' -8  -he  calendar  year, 

''"     '::t'^;^  %)  ^'f^.^-'  '"  ^--'•'  ^-'"«  'he  ca.. 

methcKis  and  apwratuVfr.r     hV       ■^Pf5"'J"<  ,"n  I  he  romnu-rcial 
Leverin,  Ch    e"  ''"''^■"'  "'  "''-^''ales-b>   H.  A. 

Schedule  of  charge,  for  chcn.ical  analyses  and  assays. 

Mineral    pro<liiction   of    fanwli      I0<io       d    r     ■ 

John  AIcLeish,  B.A.  Prehm.nary   refK-rt   on-by 

63.     Summary  report  of  Mines  Branch,  1909. 

oy  .rt.  \.  Anrep.     (Second  edition,  enlarged.) 

"•     '^^  MacL.^^^e';'"H'■s:""  ^^P^"-^"'^'     ^ '"«'•"   No.   5-by  Geo.   C. 
t  Publications  marked  thus  t  art  out  of  print. 


t62. 


^m 


W.     An  in vMtigat i.>.=    ,  t  he  coal«  .,i  Canada  with  referenr.- . o  thcii  -cononuc 
qualities:   a      .>n.iuctc<l  >t  McCill  I  niv^rsity  unW  the  „  Jihority 

fc-.W,  U.Sc..   K    J    Durif  V,  Mat,  .  and     'hers. 
Vol.      I — (  <j.il  washing  and  cooking  lis; 
Vol.    1 1— Boiler  and  gas  product-r  tests 
Vol    III— lOui  of  print.) 
ApiH'ndix  1 
( 'f>al  washing  tests  and  diagrams. 
Vol.  I\' — 
ApiK^ndix  II 

Boiler  tests  and  diagrams. 
V.jI.  V  — (Out  of  print.) 
Appendix  111 

Prcj.iuter  tests  and  diagrams. 
Vol    VI  — 
Apjx^ndi.x  IV 

<  okini;  tests. 
Apr<^ndix  V 
Caemiial  tc  is. 

m.     Gypsum  d,i>,v-its  or  tho  VLiritimt  provinces  of  Canada— including  the 
So    2'i'i  '  "^"  """''>■   ^^'    f-  Jennison,  M.E.     (See 


88. 


80 

90. 
92. 


100. 


101 


The   minrral   produ.ion  o.'  Canada,   1909.     Annual  report  on— by 
John   McLeish,    1    A.  ' 

ScrTE.—  Thf  followtvz  P'rts  were  separaUly  printed  and  issued  in 
adtance  vj  the  Annual  Ri' port  for  190J. 

t79.     Produi    .on  of  iron  and  steel  in  Canada  during  the  calendar 

tSO.     Prfxiucti.   ^  of  coal  and  coke  in  Canada  during  the  calendar 
year    I'>**9. 

85.     CnKiuctioR  of  cement,  lime,  clay  products,  stone,  and  other 
structural  niateriai.:.  during  the  calendar  year  1909. 

Reprint  of   presidential  addrew  delivered  before  the  American   Peat 
Society  at  Ottaw.;,  July  25,  1910.     By  Eugene  Haanel,  Ph.D. 


Proceedings  of  conference  on  explosives. 

Investigation    ,t  the  explosives  industry  in  the  Dominion  of  Canada 
edition)       ''     on— by     Capt.     Arthur     Desborough.     (Second 

9.V     Melyhdenum  . .res  of  Canada.     Re,aort  on— by  Professor  T.  L.  Walker, 


The  building  and  ornamental  stones  of  Canada:    Buildim;  and  orna- 
menwl  stones  of  Ontario.     Report  on-by  Professor  W.  A.  Parks. 

■     '^''TohL   Md™B°A.'^"'"^*^'''    ^""^      ''■■^'"ninary   report  on-by 
t  Publicitions  marWsd  th  ii  t  ari!  ,iut  of  print. 


^rnr-^mi 


''ijv'^mirj^^^- . 


■'f^'' 


tlOJ. 

105. 
Uu. 
Ill 

liv 

142. 
14J. 


SumnisTy  rrport  of  \\,„„  Branch.  191( 


>.    i'al()>;uc  of  publi 


t.iinin 


i'-.Hions  of  \I 


Br 


i,  tames  .  r  loiiients  and  li^i,  of 


•inrli,  from  l>Mi2  to  Mil. 


Ausiin    Brook   ir.in-bfari 


maps,  rti 


M.K 


ing  'fi-trict.      Rriwrt  on— by  :•;.   f 


liKit  nun, 


VV 


i-^tern  p.  .rtion  of  Torhroolc  i 


Bulk-tin  N 


<o.  (-by  Mowfiu  Irixh 


ron  ore  deposits.  Ann 


■Ite,  .\1  V, 


i("'!isr(iuniy,  N.h 


Di.i 


in'omi  ilrillin^;  ,it  I' 
1  ane,  Ph  D  ,  with 


ini  M. 


ni.iins,..  On,.      Bull. 


nlrfKluci,.r>-  by  A.  W.  C,    \V,l«,n.  Ph  D, 


l.y  A.  C. 


Sumnury  report  of  Mi,,,,  Branch,  VHl. 

The    n,ir.er.,l   pr.Hluction   of   C.in.Tla,    v,) 
John    McLeish,    B.A. 


,  ort  on--l,y   llu^jh 


145. 

tl50. 
151. 
154. 

167. 
170. 

184. 
201. 


Ann'i  il   report   on — by 

nu.     IV'J-lurtion  of  cement,  lime.  ,;ljynr,.'!.r,«   ,.,     ,    ,p  ,    .v, 
1115.     I -<"-ion  of  iron  an.  .eel  in....  ,..,.,,,,.      ,  .   ,,, 
tn6.     Pro.„c,i.H.  of  coal  and  c.lce  in  Can.,d..  ,.„...  •  h.   .Jcn.Iar 

'"'      dur[,^«'.;;nSarlj^,^l"r'   '-'--"    '^'    ^ -da 

^'^r^^T:^;";^  'i,!^!^^:^-^^^^y  ^-,y.  Q,„.      Keport 

^'^b^J^n  ^S"b:',^^"-'-'-   "»■     f'-H-'-ry  report  on- 

'"^i&l;:'^.'tcrVTA:;;lr'  ■"''"-^°'^--'^.  '"on. 

''''o^XTCi.7:Ltlit  ^•^"^^' «--'°  -"->•■  R'pon 


t  PublicaUon.  marked  tbui  |  are  out  of  print. 


^      ... 


203. 


J<OTE.— The  folhm.'ing  parts  were  separately  printed  and  issued  in 
advance  of  the  A  nnual  Report  for  1911. 

181.  Pnxiurtion  of  cenicnt,  lime,  clay  pro<lucts.  stone,  and  other 
foM  '  u  n""-"'"^'%'"  V'."'"'''  ''"""K  'he  calendar  year 
I  r.K^mno„  „f  iron  and  su-tl  it,  Canada  during  the  calendar 

181      ?  ,■     l'""^'"n  on— l>y  John  McLcish,  li.A. 

1»J.  Cjencral  suniniary  of  the  mineral  i.ro<lu.tion  in  Canada 
during,   the   calendar  year    1911.     Bulletin  on-by   John 

tl9<:.  IVcKluction  of  copper,  gold,  lead,  nickel,  silver,  zinc,  and 
other  metals  of  Cana.la,  during  the  calendar  year   1911. 

Onn      J^l""'""  ""r''y,<^-  T.  CartwriKht,  B.Sc. 

T^UU.  1  he  prcxluct.on  of  coal  and  coke  in  Canada  during  the  calen- 
dar year  1911.     Bulletin  on-by  John  McLeish,  B.A. 

^""of",L"?r'."'  ^'a,r'a.-Vol.  H:   Building  and  ornamental  stone, 
of  the  Maritime  I'rovinces.     Report  on-by  VV.  A.  Parks,  Pho! 

209.     The^opper  smelting  industry  of  Canada.     Report  on-by  A.  VV.  G. 

'''■     "Thl,']f;^l:XBi'^"""'"'    '"''•     I'-'-i-y  -port   on-by 

222.     I.o,le  mining  in  Yukon:  an  investigation  of  the  quartz  deposit.s  of  the 
Klondike  division.     Report  on— by  T.  A.   MacI.ean    B.Sc. 

224.     Summary  report  of  the  Mines  Branch,  1912. 

227.     Sections  of  the  Sydney  coal  fields-by  J.  G.  S.  Hu.lson,  M.E. 

t229.     Summary  report  of  t he  petroleum  ,,nd  natural  gas  resources  of  Canada. 
I'U— by  1-.  G.  ,  lapp,  A.M.     (See  No.  224.) 

230.     Ecomomic  minerals  and  mining  industries  of  Canada. 

'^'      '''^por^'on^^i;.  ^^a::"^:  ^'"^■""^"""'  -''   '-hnology. 

254.     Calabogie  iron-lx-aring  distiicl.     Rrpo-t  on-bv  E.  I.indeman,  .M.E. 

259.     Preparation  of  metallic  cobalt  bv  ndu.Mon  of  the  o.xide.     Re,K>rt  on- 
"y   H.    i.   Kalnius,  B.Sc.,  I'h.l). 

262.     The  mineral  pn-hution  of  C.„,.,d,i  during  the  calendar  year  1912. 
Annual   report    on-by   John   .Mel  eish,   B.A 

a^!^,!^V^'7TJ"{""'"","i*"""s'''''"'  "-('"'O'^'y  printed  and  issued  in 
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Not*.— 1.     Maps  m«rkfd  thus  •  are  to  be  found  only  in  rtnoni> 


tl85.  Magnetometric  survey,  vertical  intensity:  Btairton  iron  mii  r.  Bel- 
mont township,  Pftorliorough  county,  Ontario — by  E.  l.indcman 
1911.     Scale  20U  feet  to  1  inch.  (Acconipan>ing  report  No.  1S4.J 

tl85a.  Gealogical  map,  niair'"n  iron  mine,  Belmont  township,  i'ctcrborough 
county,  Ontario-  by  E.  Lindeman,  1911.  Scait  20C  feel  to  1  inch 
(Accompanying   report   No.    1S4.) 

tl86.  Magnetometric  survey,  Belmont  Ton  mine,  Belmont  township.  F'eter- 
borou^h  county,  Ontario — by  E.  Lindeman,  1911.  Scale  200  feet 
to  1  inch.     iActompanying  rti'ort  No.  184  ) 

tl&6a.  Geological  map,  Belmont  iron  mine,  Belmont  township,  Peterborough 
countv,  (  intarir,— by  E.  Lindeman,  1911.  Scale  20<l  feet  to  I  incli. 
(Accompanying  report  No.  184.) 

tl87.  Magnetometric  survey,  vertical  intensity:  St.  Charles  mine,  Tu'lor 
township,  Hastings  county,  Ontario — by  E.  Lindeman,  1911. 
Scale  200  feet  to  1  inch.     (Accompanying  report  No.  181  ) 


tl87a.  Ge. 'logical  map,  St.  Charles  mine,  Tudor  township,  I  Listings  > 
Ontari".-   ''y  E   Lindeman,  191 1.     Scale  200  feel  lo  1  inch 


companying  rep«)rt  No.  184.     ) 


unt> , 
(Ac- 


tl88. 


Magnetometric  survey,  vertical  intensity:  Baker  mine,  Tudor  town- 
ship. Ha.-  ings  ( ounty,  Ontario— by  E.  Lindeniu:i,  1911.  Scale 
200  feet  l.,  1  inch.     (Accompanying  rcpon  No.  184.) 

tl88a.  Geological  map.  Baker  mine,  Tudor  township,  Hastings  county, 
Ontario— -by  E.  Lindeman.  1911.  Scale  200  feet  to  1  inch.  (.\c- 
comjj   nying  report  No.  184.) 


tl89. 


tl90. 


tl90u 


tl9I. 


Magnetometric  survey,  vertical  intensity:  ! 
WoUaston  townsliip,  Hastings  county.  On' 
1911.     Scale  200  leet  to  1  inch.     (Accomp. 


ific  iron  ore  deposits' 
.rio — by  E.  Lindeman, 
liying  report  No.  184.) 


■lagnetometric  survey,  vertical  intensity:  Coebll  and  Jenkins  mines, 
Wolldstou  t  )wnship,  Hastings  county,  '  )nt.iruh— by  E.  Lindeman, 
1911.     ?H.ale  200  feet  to  1  inch.     (Accompanying  report  No.  Is4.) 

Geological  nap,  Coehill  and  Jenkins  niine-^,  "\Vollaston  township, 
Hastings  (ounty,  Ontario — by  E.  Linden. .m,  1911.  St^s!'  JDO 
feet  to  1  inch,     ^,.^cconlpanying  rcpiirt  No.  184.) 

Magnetometric  survey,  vertical  intensity:  Bessemer  iron  ore  deposits, 
.M.iyo  township,  Hastings  countv'.  Ontario — by  IC.  Lindeman, 
1911.     Scale  200  feet  to  1  inch.     (.Xccompanying  report  No.  184.) 


tl91a.  (iei>Ii.j:ical  map,  Bessemer  iron  ore  defx)sits.  Mayo  township,  Hastings 
county,  Ontario — by  E.  Lindeman,  1911.  Scale  200  feet  to  1  inch. 
(.Accomjianyiiig  report  No.  184.) 

tl92.  Magnetometric  survey,  v,n.-tical  intensitv:  Rankin,  Childs,  and 
Stevens  mines.  Mayo  township,  HasiinKs  county,  Ontario— by  E. 
Lindeman,  1911.  Sc.Je  200  feet  t  i  1  inch.  ^'Accompanying 
report   No.  194., 

Note. — 1.     Maps  marked  tliut  *  are  to  be  found  only  ir  reports. 

2.     Maps  markr*it  -.has  t  have  been  printed  ladeL.ei'>dentIy  of  reports,  hfnce  can 
be  procured  tepdrately  by  applicants. 


tl92a.  GcoloKic.,1  map,  Kankin.  rhil.l,.  and  Stevens  mine,,  Mayo  township 
Hastings  count ><>ntari<.—l,y  K.  l.in.lonjan,  1911.  Scale  2tHi 
tett  to  1  inr.i,     (An  omj'jnying  ri'pori  No.  184.) 

ll'Ji.  Magnet oitietricsurxey  vertical  intrniity:  Kennedy  property.  Carbw 
l^".,,'L': /'""".'='?  rounty.  ()ntario--hy  I:  1  i„d,nun.  l^ll. 
:x:au-  .uo  tctt  u>  I  indi.     (Accomi)an>itig  reiH)ri  N,..  1(S4  ) 

tr'.'a.  Gc...„Kiral  man.  Kennedy  property,  Carl-.w  township.  Haslines 
c._unty.Onl,.r.<j--by  I..  I.indeman,  I'Ml.  Scale  20()  r«-t  to  1  inch. 
(Aciompanying  report   No.  1{<4  i 

tl''4.  Magnet- .nu-tric  ^urvi-y.  v.  rtical  int.nsity:  Bow  lake  iron  ore  occur- 
rences lara.lay  touiilup,  HaMings  county,  <)tltari(^-l,y  K.  I.inde- 
man,  1911.     Sale  Juo  f^^.,  ,„  i  i,„.h.     (Accompanying  rep.«-t  No. 

t204.  ImkA  nmp  maKnotitr  .KTurr..nrc.  along  th.  f,  ntral  Ontario  railway- 
by  h.  Lindcniaii,  1911.     (.Accompanying  reiK>rt  No.   184.) 

t205.  Magnctometrif  ni.qi.  M, 
di>lrict.  Ontario:  I) 
I.indcni.in,   1911.     (.\,' 


•■•e  Moimt.iin  iron-lxMring  district.  Sudbury 
|».-it>  Nos.   I,  2,  .?,  4.  .S.  (,.  and  7- by  E. 
'nipaii>ing  ri[iort    .No.  3(KV) 

t20Sa.  Geological  m.,|..  M(«,-.-  .M..untain  iron-U  ring  diMn,  r,  Sudbury 
d.Mrict.  Ontario.  UpoMts  Nos.  1.  2.  i.  4,  ,=i,  (,,  and  ;-by  E.  Lind/- 
man.     (Accompanying   report    No.   ii).^.) 

t200.     Magneiometric    survey    of    M,»,se    Mountain    iron-lK-aring    di-^trict 
Niilbiiry  distni  i.  Ontan.):    norllurn  jurt  of  deix^it  No   2  -bv  E' 
l.indeman.    1912.     Scale    2(i(l    feet    to    1    inch.     (AccomjMnJ ing 
re[K)rt    No.   303.)  *      '     *• 

t207.  MagnetometnV  surN.  y  of  M  ,ose  Mountain  iron-lwaring  diitrict  Sud- 
bury di>tri<  t.  Ontario:  Deposits  Nos.  X,  9.  and  9a  by  E.  I'inde- 
No"'4(!?    '      ^'''''■'  ^""  '"■'   *"   '    '"'^'''     (Accompanying  report 

t208.  Magnetomeiric  survey  „f  \U,n^^  .Mount, lia  iron-bo.iring  district 
Sudbur>  dwtnet Ontario:  Deposii  No.  Uy~:,y  E.  I.indeman,' 
IVIJ.     N:ue  iOO  fi-ct  to  1  inch.      (Accompanyini;  reiK>rt   No.  303.) 

12083.  Magrietor-  survey.  Mo<,so  Mountain  sron-bearing  district.  Sud- 

bury .  ,!rirt.  Ontario:  eastern  portion  of  l)ep<jsit  No  11— by  E 
I.mdeman  1912.  Scale  200  feet  to  1  inch.  (Ac. -.mpanying 
report   No.   303.)  »~   /     s 

t208b.  Magnetom;  trie  Mirvey,  Moose  M.untain  iron-liearing  district.  Sud- 
bury district.  Ontario:    western  portion  of  dejiosit  No    11— bv  E 

No"''''"()3""  ''^^^'     ^^'''  '^  ^""'  ' "  '  '""'^'     (•'^'^<^"'"l^"> '"K  report 

t208c.  General  geological  map.  .Moose  Mountain  iron-bearing  'i.trict 
Sudbury  district.  Ontario— by  E.  Lindcman.  1912.  Sale  800 
feet  to  1  inch.     (At  .ompanying  report  No.  303.) 

Note.— 1.     Maps  markrri  thu!  •  are  to  be  foumi  only  In  reports. 

2.     Mam  marked  thus  t  have  been  printed  IndependenUy  of  report*,  hence  can 
be  procured  Hparacdx  by  applicant*. 
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1210. 
1215. 

t220. 

t221. 

•228. 

t232. 
t239. 
t240. 


XVIU 

(Accompanying  Summary  report,  1912.)  ^'^'^'O".  Ottawa. 

Mining  districts,  Yukon.     Scale  35  ,  ..les  to  1  inch-by  T  A  Mad  P.n 
(Accompanymg  report  No.  222.;  oy  i .  A.  .MacLean 

"'  M°a"cLein"^fr'"'  ^"^°"'     ^^'^  ^  miles  to  1  inch-by  T   A 
iViacLcan.     (Accompanymg  report  No.  222.)  ^ 


(Accompanying 


(Accompanying  report  No.  345.)  °  '   '"'^"- 

t24,.     Map  showi^ng  relatu,^^  ofgyp         deposits  in  Northern  Ontario  to  rail- 
No.    245.)  °   '   '"<^''-     (Accompanying  report 


Scale  4  miles  to  1  inch. 
(Accompanying  report 


t242.     Map,  Grand  River  gypsum  deposits,  Ontario. 
VAccompanymg  report   No.   245.) 

t243.     Plan^of  Manitoba  Gypsum  Co.'s  properties. 

t244.     Map  showing  relation  of  gypsum  denosits  in   Rrif.-.K   r  i      u- 

railway  lines  and  market    ^^^e  35  miles  to  1  inph      F."'"'"'"*  ^° 
■ng  report   No.  245.)  '  '"''''•     (Accompany- 

^w  teet  to  1  inch.     (Accompanying  report  No.  254.) 
to  1  inch.     (Accompanying  report  No.  254.) 
to  1  inch.     (Accompanying  report  No.  2540 


t252. 


'''fountTontaH^l.^l'r'f  ""-J^f^fabogie  district.   Renfrew 
(Accon;pan;rng"7op^or^N:;:l5T"'  ''''■     ^''''  '"^  ""''  '°  '  '-»>. 


^rf*i?.;^i. 


XIX 

t253.     Magnctonietric  survey   Mirtpl  nr  vv.i 

K.nfrcw  coun.vrOnVa,,!!     .^K   fi"  7''"  ""n^;,  CalahoKie  district, 
to  1  iiitli.     (Accon!p,,nying  rtport  .\„.  254.)  -00  feci 

t261.     Magnetomctric  survey    N'orthr-o..    i 

Lake   TinwigaJ^  \ini"lT'  ;  )    "'  'rV"  '•'"^^-  '"^  ^^^  E.T.W. 

t268.     Map  of  ,.at  bo,  s  inyestigated  in  Quebec-by  A.y.  Anrep,  ,0,2 

t269.     ■  argc  Tea  FieM  peat  bog.  Quebec 

t270.     Small  Tea  Field  fH-at  bov  QjeVc 

t2/l.     Lanoraie  peat  bog,  Quebec  « 

t272.     St.  Hyacinthe  peat  bog,  Quelle 

t273.     Riv^re  du  Loup  peat  bog 
t274.     Cacouna  peat  bog 
t27S.     Le  Pare  peat  bog,  Qebec 
1276.     St.  Denis  peat  bog,  Quel«.c 
t277.     Riviere  Quelle  peat  bog,  Quebec 
t278.     Moose  Moutitain  ,x-at  bog,  Quebe'- 

''''•     "^  bi^i  ■;;;^;!ir^''- :|,A^^-^,^-.-wing  position  of  outcrops  of 
report  No.  ^hi.)  '   '"'"       "   '    '"<■'"•     (Accompanying 

t293.  Mapof ^rs^c...,-£::!r\ t r tt-- -^ -"•  ^-- -<• 

No.   291.}  ^*  '°   '   '"<-»■     (Accompanying  report 

t294.     Reconnaissance^^ap  of       r,  ;^,A,bert^nd   Uestmorland    counties 

No.  29,.)  ^      ™'^  '°  '  "ich.     (Accompanying  report 

''"'■     ''^^.:^'2"n°Lf;^'f  ini^h'^^'ft^nt^--^'^-''^  •°?"-  "^  wells. 

U-iccompanymg  report  \o.  29,  ) 

t298.     Map    geology  of  the  forty-ninth   narillel    fios^,       •, 

(Accompanying  report  nV,    29,^  '      ^^^  ""'^'  '"   '   '"^h. 


t311.     Magnetometric    map.    McPherson    mine.    Barachois.    Cape    Breton 
£m"[o'M°„ch      °"^~'"'  ^    "■  ^-  '^°''''^"'  ^''^-    Scale  200 


t312. 


t313. 


Magnetometric  map.  iron  ore  deposits  at  Upper  Glencoe    InvernM. 
iTw  '  Scotia-by  E.  U^deman,  1913      S^^'2m(^Tc, 

Magnetometric  map,  iron  ore  deposits  at  Grand  Mira,  Cape  Breton 
feet   to   i'°i;^^^°"^-by  A.  H,  A.  Robinson,  1913.     &:ale  200 


Address  all  communications  to — 

DiBECTos  Mines  Bbancii, 
Department  of  Mines, 

SissEx    Street,    Ottawa. 

Note.— 1.     Maps  marked  thus  •  are  to  be  found  only  in  report.. 
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